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This report covers work done under NASA Grant NGR 09-015-0D2 Supplement 
No. 57. The transfer function of the retroreflector array carried by the Geos 3 
satellite has been computed at three wavelength: 5300, 6943, and 10600 A. The range 
correction is given for extrapolating laser range measurements to the center of gravity 
of tC-e satellite. The reflectivity of the array has been computed for estimating laser", 
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OPTICAL AND INFRARED TRANSFER FUNCTION 




This is the fourth in a series of reports giving transfer functions for satellites 
with retroreflector arrays (refs. 1, 2, and 3). Some transfer-function analyses were 
included in ref. 4. In this report, the analysis of Geos 3 (7502701), which was partially 
presented in ref. 1, is completed. A special analysis has been done for the infrared 
o 
cube corner designed for use with lasers operating at }.. = 10600 A. 
Data on the Geos 3 retroreflector array were obtained from the Applied Physics 
Laboratory of Johns Hopkins University and from Goddard Space Flight Center. 
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2. CUJ3E-COBNER SPECiFICATIONS 
The cube corners on Geos 3 have hexagonal entrance faces, each with a width of 
35 mm across flats. The length from ve;rtex to fa(le .is 35/,[2", 24.75 mm. The 
optical reflectors are made of fused silica, . and the reflecting faces are silver coated. 
The dihedral angles between the back faces are 90· + 2~'O ± Ot'5 in order to compen-
sate for velocity aberration. The infrared cube corner is made of Irtran-2. The 
reflecting faces are uncoated, and the dihedral' angles are not offset from 90·. Diffrac-




























3. GEOMETRY OF THE ARRAY 
The optical.l;etrorefiector array consists of .264 cube. corners mounted <;In a 45 0 
conic frustrunl:, as shown in Jl!.~e 1. The infrared cube corne ... is mount~d on the 
end.of a tube facmgthe earth. The optical cube corners are arranged in three rowl;! 
















Figure 2. Orientation -:-f optical cube co:rners. 
The coor'dinate system used to position the cube co:rners has its origin at the 
spacecraft orbital center of gravity. The Z axis is parallel to the gravity-gradient 
boom, with the pos'.tive direction away from the spacecraft toward the end mass; the 
X axis is along the velocity vector, with the positive direction in the direction of flight; 
and the Y axis is perpendicular to the X and Z axes, with the positive direction chosen 
to ",rm a right-hand coordinate system. Table 1 lists the radius and Z coordinates 
of the center of the front face of each row of cube co:rners. 
Table 1. Radius and Z pOSition of each row of optical cube co:rners. 
Radius Z 
Row (inches) (m) (inches) (ro) 
1 21.390 0.5433 -53.448 -1.3576 
2 22.250 0.5652 -52.589 -1.3358 
3 23.109 0.5870 -51.730 -1.3139 
The spacecraft's CPl'\ter of gravity is not precisely on the symmetry axis of the 

























































Figure 3. Displacement of the spacecraft center of gravity (CG) from the satellite 
symmetry axis. 
The coordinates of the infrared and the optical cube corners are given in Table 2. 
The angle 9, in degrees, is measured from the center of the array (the symmetry axis 
of the satellite), as shown in Figure 4. The X' and yl axes are parallel to the X and 
y axes, with the origin at the symmetry axis. The position and orientation of the 
infrared cube corner are shown in Figure 5; the Z coordinate is -1.7399 m. The front 








Figure 4. Coordinate system for the optical cube-corner orientation angle 9. 
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Table 2. Cube-corner coordinates. 
!: Infrared coordinates !m! 
., 
X Y Z 
"-
-0.3969 -0.1646 -1. 7399 
• p.,: Optical coordinates !m! and orientation !degrees! 
• ROW RETRO X Y 1 THETA ROW I<ET~O X 
Y Z THETA 
1 1 -.00250 .54201 -1.35758 90.000 I 51 -.22820 -.49551 -1.35758 245.455
 
I 2 .03626 .54062 -1.35758 85.909 1 52 -.26288 -.47815 -1.35758 241.
364 
I 3 .07482 .53648 -1.35758 81.&18 J 5.3 -.29623 -.45836 -1.35158 237.273 
1 4 .11299 .52959 -1.35758 77.727 
, 1 54 -.32809 -.43624 -1.35758 233.18.2 
1 5 .15057 .52000 -1.35758 73.636 1 ·55 -.35B29 -.41190 -1.35758 229.0
91 
I 6 .18737 .50775 -1.35758 69.545 1 .5.6 -.38668 _.38548 -1.35758 225.0
00 
I 7 .22320 .49291 -1.35758 65.454 I 57 -.41310 -.35709 -1.35758 • ~0.V09 
I 8 .25788 .47555 -1.35758 61.364 I 5a -.43744 -.32689 -1.35758 2..&.6.818 
1 9 .29123 .45576 -1.35758 57.273 I 59 -.45956 -.29503 -1.35758 212.727 
1 10 .32309 . .43364 -1.35758 53.182 1 60 -.47935 -.26168 -1.35758 208.636 
1 11 .35329 .40930 -1.35758 49,091 1 61 -.49671 -.22700 -1.35758 204.54; 
1 12 .38168 .38288 -1.35758 45.000 1 62 -.51155 -.19117 -1.35758 200.455 
1 13 .40810 .35449 -1 .35758 40.909 I 63 -.52380 -.15437 -1.35758 196.364 
1 14 .43244 • • 2429 -1.35758 36.818 I 64 -.~3339 -.11679 -1.35758 192.273 
1 15 .45456 .29243 -1.35758 32.727 1 65 -.54028 -.07862 -1.35758 188.182 
1 16 .47435 .25908 -1.35758 28.636 1 66 -.54442 -.04006 -1.35758 184.091 
1 17 .49171 .22440 -1. 35758 24.545 1 67 -.54581 _.00130 -1.35758 180.
000 
1 18 .50655 .18857 -1.35758 20.454 1 68 -.54442 .03746 -1.35758 175.909 
1 19 .51880 .15177 -1.35758 16.363 I 69 -.54028 , 07602 -1.35758 171.818 
I 20 .~2839 .11419 -1.35758 \2.273 I 70 -.~3339 . 11419 -1.35758 167.721 
1 21 .53528 .07602 -1.35758 8.182 I 71 -.52380 .15177 -1.35758, 163.636 
1 22 .53942 .03746 -1.35758 4.091 1 72 -.51155 .18857 -1. 3 5158 15,9.545 
1 23 .54081 -.00130 -1.35758 3~0.000 1 73 -.49671 .22440 -1.35758 155.454 
1 24 .53942 _.04006 -1.35758 355.909 1 74 -.47935 .25908 -1.35758 151.364 
1 25 .53528 -.07862 -1.35758 351.818 1, 75 -.45956 .29243 -1,35758 147.273 
1 26 .~2'39 -.11679 -1.35758 347.727 1 76 -.43144 .32429 -1.35758 143.182 
I 27 .51880 _.15437 -1.35758 343.636 I 77 -.4131Q .35449. -1.35758 139.091 
1 28 .50655 -.19117 -1.357:>8 339.545 1 78 -.38668 .38288 -1.35758 135,000 
I 29 .49171 -.22700 -1.35758 335.454 I 79 -.35829 .40930 -1.35758 130.909 
I 30 .H435 -.26168 -1. 35758 331.363 I 80 -.32809 .43364 -1.35758 126.818 
1 31 .45456 -.29503 -1.35758 327.273 1 81 -.29623 .45576 -1.35758 122.727 
1 32 .43244 -.32689 -1.35758 323.182 I 82 -.26288 .47555 -1.35758 ll8.63
6 
I 33 .40810 -.35709 -1.35758 319.091 1 83 -.22820 .49291 -1.35758 ll4.545 
1 34 .38168 -.38 54 8 -1.35758 315.000 1 84 - . 19237 .50775 -1.3.51S,8 llO.454
 
I 35 .35329 -.4ll90 -1.35758 310 .V09 1 85 -.15557 .52000 -1.35758 106.363
 
, 1 36 .32309 -.43624 -1.35758 306.818 1 86 -.11799 .52959 -1.35758 102.272
 
1 37 .29123 -.45836 -1.35758 302.728 1 87 -.07982 .53648 -1.35158 . 98.182
 
1 38 .25788 -.47815 -1.35758 298.637 I 88 -.04126 .54062 -1.35758 94.091
 
I 39 .22320 -.49551 -1.35758 294.546 2 I .01767 .56349 -1.33576 87.955
 
1 40 .18731 -.51035 -1.35758 290.455 2 2 .05791 .56061 -1.3357/, 83.864
 
1 41 .15051 -.52260 -1.35758 286.364 2 3 .09784 .55481 -1.33576 79.H3
 
1 42 .11299 -.53219 - 1.35158 282.273 2 4 .13727 .54629 -1.33576 75
.682 
1 43 .01482 -.53908 -1 . 35758 218.182 2 5 .11597 .53493 -1.33576 71.591 
1 44 .03626 -.54322' · ·1.35758 214.091 2 6 .21377 .52083 -1.33516 67.500
 
I 45 -.00250 -.54461 -1. 35758 270.000 2 7 .25047 .50407 -1.33576 63.40
9 
1 46 -.04126 _.54322 -1.35758 265.909 2 8 .28588 .48474 -1.33576 59.318 
1 41 
-.07982 -.53908 -1.35758 261.818 2 9 .31982 .46293 -1.33576 55.227 
1 48 -.11799 -.53219 -1.35758 257.727 2 10 .35211 .43875 -1.33576 51.136 
1 49 
-.15557 -.52260 -1.35758 253.636 2 11 .38260 .41233 -1.33576 47.045 
1 SO -.19231 -.51035 -1.357~8 249.546 2 12 .41113 .38380 -1.33576 42.954 
7 
J _ _ I_ 1 
Table' 2. (Cont. ) 
ROw HETRO X Y Z THETA ROw RETRO X Y Z THETA 
2 13 .43755 .35331 -1.33576 38.864 2 63 -.~5009 -.14107 -1.33576 194.318 
2 14 .46173 .32102 -1.33576 34.773 2 64 -.55867 -.10164 -1.33576 190.227 
2 15 .48354 .2870H -1.33576 30.682 2 65 -.56441 _.06171 -1.33576 186.136 
2 16 .50287 .25167 -1.33576 26.591 2 66 -.~6729 -.02147 -1.33576 182.045 
2 17 .51963 .21497 -1.33576 22.500 2 67 -.~6729 .01887 -1.33576 177.954 
2 18 .53373 .17717 -1.33576 18.409 2 68 -.56441 .05911 -1.33576 173.864 
2 19 .~4509 .13847 -1.33576 14.318 2 69 -.55867 .09904 -1.33576 169.773 
2 20 .55367 .09904 -1.33576 10.227 2 70 -.~5009 .13847 -1.33576 165 . 682 
2 21 .55941 .05911 -1.33576 6.136 2 71 -.53873 .17717 -1.33576 161.591 
2 22 ;~6229 .01887 -1.33576 2.045 2 7Z -.52463 .21497 -1.33576 1~.i7 f1500 
2 23 .~6229 _.02147 -1.33576 357.954 2 73 -.50787 .25167 -1.33576 153.409 
2 24 .55941 _.06171 -1.33576 353.863 2 74 -.48854 .28708 -1.33576 149.318 
2 25 .55367 -.1 0 164 -1.33576 349.712 2 75 -.46673 .32102 -1.33576 145.227 
2 26 .~4509 _.14107 -1.33576 345.682 2 76 
-.44255 .35331 -1.33576 141.136 
2 27 .53373 -.17977 -1.33576 341.591 2 77 -.41613 .38380 -1.33576 137.045 
2 28 .51963 -.217:;7 -1.33576 337.500 2 78 -.38760 .41233 -1.33576 132.954 
2 29 .50287 _.25427 -1.33576 333.409 2 79 -.35711 .43875 -1.33576 128.863 
2 30 .48354 _.28968 -1.33576 329.318 2 80 -.32482 .46293 -1.33576 124.773 
2 31 .461 1'3 -.32362 -1.33516 325.228 2 81 
-.29088 .48414 -1.33576 120.682 
2 32 .43755 -.35591 -1.33576 321.137 2 82 
-.25547 .50407 -1.33576 116.591 
2 33 
."1113 _.38640 -1.33576 317.046 2 83 -.21877 .52083 -1.33576 112.500 I 2 )It .38260 _.41493 -1.33576 312.955 2 84 -.18097 .53493 -1.33576 108.409 I 2 35 .35211 -.44135 -1.33576 308.86" 2 85 -.14227 .54629 -1.33576 104.318 I 2 36 .31982 _.46553 -1.33516 304.773 2 86 -.10284 .55487 -1.3357l> 100.227 I 2 37 .28588 _.48734 -1.33576 300.682 2 87 -.06291 .56061 -1.33576 96.136 2. 38 .25047 _.50667 -1.33576 296.591 2 88 -.02267 .56349 -1.33576 92.045 
2 39 .21377 _.52343 -1.33576 292.500 3 1 -.00250 .58567 -1.31394 90.000 I' I 2 40 .17597 _.53753 -1.33576 288.409 3 2 .03937 .58417 -1.31394 85.909 , 2 "1 .1 3727 -. 54889 -1.33576 284.318 3 3 . 08103 .57969 -1.31394 81.818 
2 42 .0978 /• _. 55747 -1.33576 280.227 3 4 .12227 .57225 
-1.3139" 77.727 I 2 It3 .05791 -.56321 -1.33576 276.137 3 5 .16287 .56189 -1.3139" 73.636 
2 4" .01767 -.56609 -1.33576 272.046 3 6 .20262 .5"866 -1.3139" 69.545 I I 2 "5 -.02267 _.56609 -1.33576 267.955 3 7 .24134 .53263 -1.31394 65.454 I • 
2 "6 -.06291 _.56321 -1.33576 263.864 3 8 .27880 .51387 -1.31H" 61.364 
2 47 -.10284 _.55747 -1.33576 259.713 3 9 .31484 .49249 
-1.3139" 57.273 
, 2 48 
-.1"227 _.54889 -1.33576 255.682 3 10 .34926 .46859 -1.3139" 53.182 
2 49 -.18097 -.53753 -1.33576 251.591 3 11 .38188 .,,4230 -1.3139" 49.091 
2 50 -.21877 _.52343 -1.33576 247.500 3 12 .412!.5 .41375 -1.31394 "5.000 
2 51 -.255407 -.50667 -1.33576 243.409 3 13 .44110 .38308 -1.3'1394 40 .909 
2 52 -.29088 _.48734 -1.33576 .~9.318 3 1" .46739 .35046 -1.31394 36.818 
2 53 
-.32482 -.46553 -1.335n 235.227 3 15 ."9129 .31604 -1.3139" 32.727 
2 54 
-.35711 _.44135 -1.33576 231 .136 3 16 .51267 .28000 .. 1.!i394 28.6~6 
2 55 -.38760 _.41493 -1.33576 227.046 3 17 .53143 .24254 -1.3139" 24.5"5 
2 56 -.41613 -.38640 -1.33576 222.955 3 18 .547"6 .20382 -1.3139" 20,454 
2 57 -.4"255 _.35591 -1.33576 218.864 3 19 .~6069 .16407 -1.31394 16.363 
2 58 -.46673 -.32362 -1.33576 214.713 3 20 .57105 .12347 -1,31394 12.273 
2 59 
-.4885" -.28968 -1.33576 210.682 3 21 .~78"9 .08223 -1.31394 8.182 
2 60 
-.50787 _.25427 -1.33576 206.591 3 22 .58297 .04057 -1.31394 4.091 
2 61 
-.52463 -.21757 -1.33~76 202.500 3 23 .58447 _.00130 
- 1.3139" 360.COO 
2 62 





















































































































































Table 2. (Cont. ) 
Y Z THETA ROw 
-.08483 -1.31394 351.&18 3 
-.12607 -1.31394 347.727 3 
_.16667 
-1.31394 343,636 3 
-.20642 -1.31394 339.545 3 
_.24514 
-1.31394 335.454 3 
-.28260 -1.31394 331.363 3 
-.31864 -1.31394 327.273 3 
-.35306 -1.31394 323.182 3 
_.38568 
-1.31394 319.091 3 
-.41635 -1.31394 315.000 3 
-.44490 -1.31394 310.909 3 
-.47119 -1.31394 306.818 3 
-.49509 -1.31394 302.728 3 
-.51647 -1.31394 298.637 3 
-.53523 -1.31394 294.546 
-.55126 -1.31394 290.455 
-.56449 -1.31394 286.364 
-.57485 -1.3139" 282.273 
-.58229 -1.31394 278.182 
':'.58671 -1.31394 274.091 
-.58827 -1.31394 270.000 
-.58677 -1.31394 265.909 
-.58229 -1.31394 261.818 
_.57/~85 
-1.31394 257.727 
-.564 .. 9 -1.31394 253.636 
-.55126 -1.31394 249.546 
-.53523 -1.31394 245.455 
-.51647 -1.31394 241.364 
-.49509 -1.31394 237.273 
-.47119 -1.31394 233.182 
-.44490 -1.31394 229.091 
-1141635 -1.31394 225.000 
-.38568 -1.3'1394 220.909 
_.35306 
-1.31394 216.818 
-.31864 -1.31394 212.727 
-.28260 -1.31394 208.636 
-.24514 -1.31394 204.545 
-.20642 -1.31394 200.455 
-.16667 -1.31394 196.364 
-.12607 -1.31394 192.273 
_.08483 
-1.31394 188.182 
-.04317 -1.31394 184.091 
-.00130 '-1.31394 180.000 
,04057 
-1.31394 175.909 
.08223 -1.31394 I'lI.818 
.12347 -1.31394 167.727 
.16407 -1.31394 163.636 
.20382 -1.3 1394 159.545 
.24254 -1.31394 155.454 
.28000 -1.31394 l51.364 
9 
I<ETRO X Y Z 
75 -.49629 .31604 -1.31394 
76 
-."7239 .35046 -1.3l394 
17 -.44610 .38308 ",,1.31394 
78 
-.4l755 .41375 -1.31394 
79 
-.38688 .44230 -1.31394 
80 -.35426 .46859 -1.3139~ 
81 -.31984 .49249 -1.31394 
82 -.28380 .51387 -1.31394 
83 -.2'~634 .53263 -1.31394 
84 
-.20762 .54866 -1.31394 
85 -.16787 .56189 -1.31394 
86 -.12727 .57225 -1.3139'. 
87 -.08603 ,57969 -1,31394 
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4. METHOD OF COMPUTING THE TRANSFER FUNCTION 
ill computing the reflectivity of the Geos 3 retroreflector array, the cube corners 
have been modeled as isothermal, geomEltrica1ly perfect reflectors (except for the 
dihedral-angle offset) with perfect-metal reflecting coatings on the back faces. The 
primary effect of real metal faces is a decre>ase in the intensity (]f the return signal 
because of the triple metallic reflection. This loss should be added t.o the constant 7j 
of the next section, along with reflection losses at the front face on entering and leav-
ing the cube corners. 
Computation of the range correction includes a correction for the optical path 
length of the ray within the cube corner. The range correction is the difference 
between the centroid of the actud return signal and the centroid of th'3 return signal 
that would be received from a point reflector at the center of gravity of the satellite. 
The correction listed is the one-way correction. 
The reflectivities and ranf.'~ corrections pres entad in all the tables are for the 
incoherent case; that is, the intensities of the reflections are added without taking 
into account coherent interference among the reflf'cted signsls from the individual 
cube corners. 
The variation of the range correction due to optical coherence has been derived by 
statistical analysls of a set of coherent returns, which was constructed by assigning 
random phases to the reflection from each cube corner by means of a pseudo random-
number generator. Since the computer time required to compute a coherent return 
increases as the square of the number of cube corners, the calculations were done 
with a reduced array obtained by selecting every Nth reflector in each row of cube 
corners, where N is 2, 4, or 8. Reduced arrays have also been used in diffraction 
calculations. Except when the calculations have been performed for specific values of 
velocity aberratiun, the curves in Figure 7 (Section 6), giving the average reflectivity 























































L J~_. L. 
compute the strength of the reflectien frem each cube corner. As the curves fer 5300 
and 6943 A are almest the same, 1;he .one fer 5300 A is used unless runs have been 
made for both wavelengths.· • .-: - ". 
.;,. ,,' 
Since the"l.l;r~,cqns.i~fs . .of y~~cu1ar ringj;l,oi.cubecqrners,. the"reJ;l.e.c~vi:ty is 
independent of azimuth. The::(\iglltoffset. ofthecell,t,erofgr~yity;frolll,. thesym,Illtltry , 
axis causes a slight variation of the range correction with azimuth, but the effect on 
the range is zero when averaged ever all azimuths. All the cemputer :rullS have been 
delle at an· azimuth 90 0 away from the .offset, so there is ~e effect bntheiange correc-
. tien. 
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5. SIGNAL-STRENGTH COMPUTATION 
The data contained in the tablps presented later can be used to' estimate signal 
strengths for laser ranging by use of the following equation: 
where 
E' T2 
N = hv GTASGSAR R4 1) , 
N = number of photoelectrons, 
E = transmitted energy, 
h = Planck's constant, 
v = frequency of laser light, 
GT = "gain" of transmitter, 
As = active reflecting area of sa.tellite, 
GS = "gain" of satellite array, 
AR = area Df receiving telescope, 
T = atmospheric-transmission factor, 
R = range from station to' satellite, 
1) = constant, which include", the quantum efficiency of the photomultiplier 
and the optical transmission fa(ltors of the transmitter, the satellite, 
and the receiver. 
If the transmitted beam is a uniform spot of solid angle QT' the "gain" function 














































The gain functions in this equation do not contain the factor of 4'/r used in the standard 
definition of gain. Those given in, later sectious can be converted to the standard 
definition by multiplying by 4'11'. The signal-strength eqllationabove can be converted 
to the standard definition of gain by aading the factor 1/(4'11')2. 




























6. OPTICAL CUBE-CORNER REFLECTIVITY 
The reflectivity of the Geos 3 optical cube corners is given below as a functiol'. of 
incidence angle. The angle </> is measured from the normal to the front face, and the 
angle e is the angle to the projection of the incident beam onto the front face; both 
these angles are shown in Figure 6. In each graph, the upper curve is the total 
reflectivity and is proportional to the active reflecting area; the lower curve is the 
average reflectivity in the annulus between 25 and 50 /ll'ad from the center of the 
reflected beam in the far field, which is approximately that region of the far field 
observed during laser ranging because of velocity aberration. The curves do not 
include reflection losses, and all curves are normalized to unity at normal incidence. 
The active reflecting area at normal incidence is 
{3 _.2 {3 2 2 
'2 w- =2' (3.5 cm) = 10.6088 cm 
for a hexagonal cube corner whose width W = 3.5 cm across flats. If the cube corners 
had perfect-metal reflecting faces and no dihedral-angle offset, the gain at the center 
of the far-field pattern would be G = A/X. 2, where A is the active reflecting area, X. 
the wavelength of the incident beam, and G the gain as defined in Section 5. (The 
standard expression for gain in this case is 4,r A/X. 2. ) For the Geos 3 cube corners, 
the gain at normal incidence in the 25- to 50-/ll'ad annulus for the 5300 and 6943 A 
wavelengths is 0.0262 and 0.0394, respectively, times A/X.2• 
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1 To convert the normalized reflectivities in the annulus to gain, values from '11 
I




A 7 G5300 = 0.0262 -2-- = 9.895 X 10 
},.5300 
and 
. A 7 
G6943 = O. 0394 ~ = 8.671 X 10 
},.6943 
In all the curves of Figure 7, the reflectivity in the annulus falls off more rapidly 
with incidence angle than does the total reflectivity, because diffraction spreads the 
beam as the active reflecting area becomes smaller. The curves for the two differ-
ent wavelengths are fairly Similar, but the difference between the total reflectivity 
and the reflectivity in the annulus is significant. The latter reflectivity does not go 
as the square of the active reflecting area for two reasons: The reflectivity is not 
measured at the center of the far-field pattern, and the reflectors have dihedral-angle 
offsets designed to spread the beam by an amount equal to the velocity aberration. The 
data used to plot the reflectivity in the annulus are listed in Table 3. The active reflect-
ing area and the reflectivity in the annulus repeat every 60· in e. ill addition, the 
















Table 3. Average reflectivity of a Geos 3 optical cube corner in the 25- to 50.-j.ll'ad 
annulus of the far-field diffraction pattern. The angles 9 and cj> are defined 
in Figure 6. 
PHI THETA 0 THETA 10 THETA 20 THETA 30 
.!.: ~ = 5300 A 
0 1.000000 1.000000 1.000000 1.0000('0 
5 .873459 .866570 .8611:176 .8604 () 4 
10 .747223 .734170 .725697 .723136 
• 15 • 613009 .598221 .590054 .581:1197 
20 .485628 .474333 .470211 .469748 
25 .376493 .366436 .359414 .3558 80 
30 .263542 .256402 .247662 .241249 
35 .151124 .155796 .162208 .162041 
40 .080963 . 089195 .110225 .1189C7 
45 .04771 5 .050723 .064463 .0740!>4 
50 .023934 .022251 .023511 .027179 
55 .007978 .005420 .002824 .0024 b l 
60 .001145 .000191 0.000000 0.00000 0 
65 0.000000 0.000000 0.000000 a .oooo ll O 
b· }" = 6943 A _.
0 1.000000 1.000000 1.000000 1.0000(,0 
5 .858437 .1:150265 .846888 .1:1462 0 5 
10 .725605 .713353 .709062 .7083'18 
15 .609522 .593175 .585329 .583179 
20 .486866 .469136 .458091 .454153 
25 .341309 .3364 ~4 .331691 .330076 
30 .2?1709 . 222177 .232867 .2384 04 
35 .138974 .145139 .166315 .1784b4 
40 .090526 .092933 .110301 .12306 2 
45 .052331 .051291 .056090 .064462 
~· O .023348 .020770 .017723 .020024 
': 5 .006598 .004545 .001854 .001396 
60 .000711 .000076 0.000000 O. OOOO CJ O 
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Figure 7~ - Activc' reflectqJg area and aVerage refiectl.vity in the .25- to' 50-fD."3P: annulus 
of'tlle far-field diffraction pattern for a Gebs 3 optical cube corner. The 
incidence angles 9 and <p are defu>ed in Figure 6; the index of refraction n 
and the wavelength }" are listed for each set of curves. Tbe solid curve i s 
the active reflecting area (total reflectivity), and the dashed curve, the 
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Figure 7h: e = 30·, n = 1.4t11, }.. = 5300 A. ' 
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7. ARRAY REFLECTIVITY 
This section contains information Oil the reflectivity of the Geos 3 optical retro-
reflector array. 
Tables 4 and 5 were computed by using the cube-corner reflectivity curves of 
Figure 7. Table 4 gives the total reflectivity NT' and Table 5, the reflectivity in the 
annulus N}.. in terms of the equivalent number of cube corners at normal incidence . 
The area A of one cube corner at normal incidence is 10.6088 cm2• The total reflected 
energy, which is proportional to the active reflel> •.. ng area ANT' can be measured only 
under laboratory conditions. From Table 5, el'timates of signal strengths for laser 
ranging can be made by means of the range equation in Section 5. The array cross 
section ASGS is given by AN}.. G}.., where G5300 - 11.895 X 10
7 
and G6943 ~ 8.671 X 107• 
To use the gain-function data of Tables 6 and 7 in the range equation, set the cross 
bection ASGS equal to ANTG, taking G from the appropriate table. 
Table ti shows that the r eflectivity in the 25- to 50-fll'ad annulus is about the same 
for both wavelengths, but there is a si gnificant difference between the curves of 
Tables 4 and 5. For example, at <I> = 0°, the total reflectivity is equivalent to about 
25 cube corners; however, the reflectivity in the annulus is equivalent to cnly 12 or 
13 cube corners. The maximum reflectivity of the array occurs between 40 · and 45 ° 
as a result of the 45° tilt of the cube corners with respect to the symmetry axis. The 
reflectivity at 60 ° i s large compared to previous Geos arrays, with the result that 
signal strengths are m~ch stronger under the adverse conditions of long r ange and low 
elevations above the horizon. Since the satellite is gravity stabilized, the incidence 
angle <I> cannot be more than about 60 0 . 
In the computer-plotted graphs to the right of Tables 4 and 5, the reflectivity 
increases to the right and the incidence angle <I> increases down the page. 
Table 6 shows how the array gain function varies with velocity aberration. The 
first column is the magnitude of the velocity aberration in microradians, and the 
25 
second is the array gain function in units of 107• In the computer-plotted graph, th~ 
gain function increases to the right and the velocity aberration, down the page. The 
gain function is the average value around a circle in the far field with radius equal to 
the velocity aberration. The second part of each table gives the root-mean-square 
(rms) variation of the gain around the circle. At <I> = 0 0. the gain has almost perfect 
circular symmetry, as indicated by the fact that the rms variation is nearly zero. 
The curves for larger incidence angles, such as <I> = 45°, show the effect of the dihedral-
angle offset in peaking the intensity in the 25- to 50-(.ll'ad annulus. 
Some of the gain-function matrices from which the data of Table 6 were computed 
are given in Table 7. Only the right half of the matrix has been presented, since the 
diffraction pattern for a cube corner with perfect-metal reflecting faces has the 
symmetry property G(91' 92) = G(-91, -92), The angles 91 and 92, in microradians, 
are defined in Figure 8. The angle 92 is in the direction of decreasing <I> in the plane 
.... 
containing the -Z axis and the direction toward the illuminating laser (the vector V). 






























Figure 9 (p. 42) consists of contour plots of the gain-functia matrices given in 
Table 7. Circles have been drawn, with radii of 25 and 50 flrad to mark the minimum 
and mru.."im.um values of velocity aberration. The contour levels plotted are 8, 4, 2, 1, 
and O. 5 X 107• The positions of peaks in the pattern are indicated by asterisks. The 
contours for cj> =" 0° are circles because of the symmetry of the array, while those for 
larger values of cj> show an unexpected asymmetry. We had expected to find 
G(9 l , 92) = G(-9 l' 92) because the distribution o
f cube corners in the array is sym-
metrical in this dIrection (see Figure 8). The asymmetry is the result of the orienta-
tion of the cube corners: From Figure 2 we see that the orientation of a cube corner 
on the left is not symmetrical with respect to one on the right. 
If the cube corners were oriented as bhown in Figure 10, the far-field pattern 
would be symmetrical from left to right. [Note: The packing is obviously not so 
efficient in Figure 10 as it is in Figure 2.1 If the dihedral-angle offset were not 
present, the asymmetry would disarJpear, since the direction of the exiting wavefront 
for each of the six sectors of the cube corner would be the same regardless of the 
order of the reflections at the back faces. The array transfer function would not be 
improved by making it symmetrical, however, because the variations in intensity and 
range correction between different points in the far field would still be about the same. 
Figure 10. Alternate method of cube-corner orientation. 
27 


























Table 4. Total reflectivity (active reflecting area) of the GeoB 3 optical retroreflector array VB. incidence angle. -----
PHICDEGI REFLEC'I.yITV PHI (DEG) REFLECTIVITY 
D,D 25.3219 • 56.0 39.6922 • l,D 25.1645 • 57,0 38.400 • 2,. 25,It,l2 • 58,0 31.1668 • 1,. 2S.TOlte • 5 thO 35.8654 • 
',. 26.0019 • 60.0 lIt.5506 • 5,. Z6.38)2 • 61.0 33.1210 • .,. 26.8480 • 62.0 '1.8783 • 7,. 21,395? • 63.0 30,5294 • .,. ze.0253 • 61t,O a.l?Ss • 
',. U.?35, • 65.0 27.822, • 10,0 29.526, • 66.0 26.4138 • u.o 30.)114 • 61.0 25.1459 • 12.0 31,2534 • 6B.0 23.8541 • 13.0 32,138, • 69. 0 22.6005 • lit. a 33.0266 • 70,0 21.3193 • 15.0 3).9106 • 1L.D 20.1'16 • 16.0 34.1162 • 12.0 19.0404 • 17.0 '5.U89 • 73.0 17.9232 • u.o 36.4,86 • 71t.O 16.831, • 19.0 n.40H • 15.0 15.7851 • 20.0 311.3168 • 76.0 14,7653 • 21.0 39.2199 • 71.0 13.1731 • 22.0 40.1021t • 18.0 12.8108 • 23.0 ItO,9,48 • 19.0 11,17'1 • 24.0 U.1718 • 80.0 10.9755 • 25.0 42.'542 • 81.0 10.1027 • 26.0 ·H.300) • 82.0 9.2628 • 27.0 44.01!H • 83.0 8.4550 • 28.0 44.7099 • U.O 7.6"(98 • 29,0 45,3121 • 85.0 6.9]79 • 30.0 46.0)94 • 86,0 6.2295 • 31,0 46.6773 • 87.0 5.5555 • :U,O 47,2979 • 88.0 4.9163 • 31,0 47,1972 • .9.0 4.3120 • 34.0 ", ;).4759 • 90,0 3.7425 • 35,0 49.03" • 91,0 l.2075 • 36.0 4,.5127 • 92.0 2.7069 • n,o 50.0898 • 93.0 2.2424 • 31.0 50.5691 • 94,0 1.8300 • 39.0 50.8707 • 95.0 1.4719 • 
·40.0 51.0306 • 96.0 1.1618 • 41.0 51,0704 • 91.0 .9051 • 42.0 50,9790 • 9a.o .6922 • 
u.o 50,7105 • 99.0 .5190 • 
,.4.0 50.4567 • 100.0 .3835 • 45.0 50,OU8 • 101,0 .2789 • 46,0 49.4659 • 102.0 .1972 .. 47.0 4a.8Ua • 103.0 .1329 .. 48.0 41.0613 • 104.0 .0161 • 49.0 47.2324 • 105.0 .0555 .. 50.0 46.3219 • 106.0 .0327 • 51.0 4,.3640 • 107.0 .0118 • 52.0 44.1271 • 10a.o .0079 .. 53.0 43,2273 • 109.0 .0028 • 54,0 4Z,OI66 • 110.0 .0006 .. 
".0 40.9030 • 111,0 .0001 • 
OHE REfLECTOR AT NORMAL IHCIDENCE HAS UHIT REfLECTIVITY ONE REFLECTOR AT NORMAL INCIDENCE HAS UhlT REFLECTIVITY 
( 
i:. ... ,", 









Table 5, Average reflectivity of the Geos 3 optical retroreflector array in the 25- to 50-fJI"ad annulus of the 
far-field diffraction pattern, a: ,,= 5300 1.., 
PHIIDEGI REFLECTIVlTY PHIIDEGI REfLECTIVITY 
0,0 12.5966 • 56.0 32.8315 • 1.0 ~ 12.'21.5 • 51.0 31.62111 • 2.0 .. U.O)~5 • ' 58.0 30.4CDO • 
'.0 • U.2)56 • 59.0 29.1506 • 
',0 U.'\2U • 60.0 n.8940 • 
, 5,0 13.'020 • 61.0 26.6296 • 
',0 14,0410 • ,62.0 25.3382 • 1.0 · 14.'149 • n.o 24 .0273 • 
',0 15.1530 • 64.0 22.103. • 
'.0 16.1)93 • 65.0 21.3837 • 
.. 10,.0 16.9:111 • 66.0 20.0,70 • u.o 11.9411 • 61.0 11.8160 • U,a 19.0511 • 68.0 17.,.21 • 11.0 20,20)7 • 69.0 16.3;'71 • 14.0 21.'457 • 1(:.0 15.1700 • 
, U.O 22.0\211 • 11.0 14,0570 • u.o ~2).·1I6 • 72.0 13.0052 • 11,.0 24,5)71 • 73.0 12.0208 • 
, 11.0 25 .. 592:6 • 74.0 11.1036 • 1',0 ' 26.6455 • 15,0 10.2412 • 20.0 27.6191 • u.o 9.4432 • 
,Zl,! O '" 28.7051 • 17.0 '.61,56 • 22.0 2,.6262 • 11.0 7.9~63 • ~ 2)!O 30.5122 • 79.0 7.2966 • 14.0 31.4)3, • .0.0 6.6151 • 
, 25.0 n.))" • 11.0 6.1218 • 26.0 33.,2617 • 12.0 5.5822 • l U,O ', '4.2080 • 83,0 SoCUS • 11,0 35.015, • 8"'.0 4 •• ,66 • 2'.0 , 35.9273 • 85.0 3.9'20 • )0.0 36."416 • 86.0 3.5'4' • 31.0 31.'435 • ' 81.0 3.1232 • )2.0 38.)31'1 • .8.0 2.1006 • U.O 39.0.26 • 8 •• 0 2.2'9, • )4~0 3 •• ""15 • .0.0 1.9339 • ~,.o 40.5136 • 'hO --1. 6 116 • (u!o 41.3034 • '92.0 ' 103160 • n.o ~ 41.9966 • 93.0 1.0529 • 
'1.0 ~ 42.'1t27 • '4.0 , .8252 • n.o t 43.1PS9 • 95,0 .tII435 • ' :~;g '1t3.026 • 96.0 .4'92 • 43.620, • 91.0 .3725 • 42.0 43.6604 • 98.0 .2698 • 4).0 4).'''7 • 99.0 .1865 • ~4.0 43.J630 • 100.0 .1318 • 45.0 42,9196 • 101,0 .1016 • 4',0 '2~4I23 • 102.0 .0129 • 41.0 410 .. 02 • 103.0 .a46? • 41.0. ! 41.121. • 104.0 .013 •• ~ •• o 40.J021 • 105.0 .0096 • 
'0.0 ;: 3 •• 1t056 • 106.0 ,0017 • 51.0 38,4444 • 107.0 .0057 • 12.0 J7.~072 • 101.0 ,0037 • ;3;0 36.3J02 . • 109,0 .0011 • 
,4.0 35,1854 • 
".0 34.0247 • ONE REfLECTOR AT NOR"AL INCIDENCE HAS UNIT kEFLECTIVITY 
ONE REFLECTOR AT NORMAL INCIDENCE HAS UNIT REfLEtTIVIT,Y 
., , 
.~:.M~ ~~. 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 6. Gain ftmction vs. velooity aberration for the Geos 3 optical retroreflector array. The average and 
nns fluctuations are computed around a circle in the far field whose radius is the velocity aberration 
listed in the first column, in micrC'radians. The gain differs by 4'11' from the standard definition (see 
., Section 5) • 
0% : .,. PHI 0 DIHEDRAL ANGLE 2.00 NAVELENGTH 5300 ., PHI 5 DIHEDRAL AN6LE z.oo "AVELENGTH 5300 ,!iiij 
it AVEAAG~ GAIN fUNCTION (l.E.,) AVER'GE GAIN FUN'TIO~ (1.E-7) 0 lO~94 • 0 9.93 • , 10.70 • 5 9,75 • 10 10.11 • 10 9,l • • ~>O " 9.4, • " 1.15 • 20 '.'4 • 20 8.02 • \~ 25 1" 7.51 • ., 1 ,11 • 'Q 6 ,,56 • '0 6.25 • ., 5.51 :I • '5 5.36 • 40 4.50 • 40 1t . 60 • 4' '~"1 • .. 3.99 • 50 2.91 • 50 1.51 • 
. A.~.S. fLUCTUATION A.M.S. FLUCTUATION 
0 ' , °tOO • 0 0,00 • , 
.02 • 5 ,05 • 
10 ,02 • 10 .17 • 
... 
" 
.01 • 15 .J1 • 
..... 
20 .01 • 20 .ll • 
" 
.01 • '5 ••• • 
'0 .01 • .0 ••• • .,
.01 • ., 
.11 • 40 .01 • '0 .2Z • ., 
.ot • .. 
." • 
'0 .01 • '0 ... • 
c, PHI 10 DIHEDRAL ANGLE 2.00 "AVELENGTH 5300 d, PHI 15 DIHEDRAL ANGLE Z.OO ""VELEI'!GTH 5300 
AVERAGE GAIN fUNCTION Cl.E.7) AVERAGE GAIN FUNCTION Cl.E_7) 
0 1,71 • 0 !h60 • , 7,61 • • ~.j~ • 10 7.0 • 10 5.50 • 15 7.14 • 15 5.61 • 
'0. 6.75 • '0 5.91 • U 1 6...,1 •• ., 6.3'J • 
• 0 5." • .0 6.10 • ., '.7) • ., 6.9\' • 40 .; 5.'2' • • 40 6.79 • ., 5.16 • ., 6.12 • 
' 0 4.60 .. ' " • '0 5.13' • 
R.H.S. fLUCTuATION R.M.S. FLUCTUATION 
.., 
0 0.00" • o· 0.00 • 
• .12 • 
, 
.1' • 10 . ' 5 • ¥o\.~~ ~ :.;~ 1 • 10 ." • U 
.1' • U .1. • 
'0 .16 • .0 
." • ., .,. • :f)?, '5 • 52 • ,. 
'0 ... 
.' .0 •• 0 • 
" 
• '1 • '5 l.09 • 40 .n • I( '0 l.25 • ., ... • 45 1.31 • 






Table 6. (Cont.) 
,. 
S:' 
-10 PH I. 20 OIHEOfIAL AltGLE 2.00 If,.,VELEH6TH 5300 t. PHI 2. DIHEDRAL ANGLE 2,00 WAVELENGTH 5300 , . , 
AYfRAGE GAIN F~~TJDN 11,E_" AVERAGE GAIN FUNCTION Il,E+'" 
0 ., .. • 0 4.60 • , 4.34 • 5 ).84 • 10 4.11 • 10 3,34 • IS 4,., • 15 4.21 • 20 6,09 • 20 6,11 • J-ZJ 1.U • 25 7,63 • 
,00 1 • ., • 00 I,U • 
. " . 1.'4 • •• 1,02 • 
- ,40 :. :r~.Jl • 40 1.61 • • 0, 'ft.42 • 45 6,92 • 
,0 5 ... 44 • 50 '.9. • 
. A.M.S. FLUCTUATIOH R.M.S. FLUCTUATJO~ 
0 0,00 • 0 0,00 • , 
.20 • , .22 • 10 
.'f • 10 .'0 • 15 .5O • 15 .05 • 20 .62 • 20 1.Z4 • 20 1.5. • n 1.16 • 
.0 1.n • 00 1.'0 • .., 
" 
l.n • 15 1.17 • .. 40 1.45 • 40 1.n • 4, 10 .. • 05 1,19 • 
'0 l~'O • 50 1." • 
'C. PHI 00 OIHEOfIAL ANGLE 2,00 WAVELENGTH 5300 ,. PHI .. DIHEDRAL ANGLE 2.00 WAYELEIfGTH 5300 ......... 
AVERAGE GAIN fUNCTION 11,E." AVERAGE GAIN fUNCTION (1.£.1' 
0 ,'.o~ • 0 5.4, • , J,'4 • 5 3.97 • 10 2.96 • 10 Z.19 • ., l.n • 15 ,.U • 20 '-,00 • 20 5.55 • ~ 
u; 20 .7,.'0 • 25 6,66 • ao 7.11 • 00 7,51 • .. 1.20 • " 1,70 • 40 ,~ ' . JZ • 40 1,99 • $" .. , -1,,'6 • 0. I.OJ • 
€14 . '0 6.n • 50 6.,. • 
! R. M.S, FLUCTUATION R.M.S, fLUCTUATION ~k ..... ~o ,1 0,00 • 0 0.00 • §~ s · • u • • .25 • 10 .51 • 10 .71 • 
'" 
., 
• OJ • 15 ... • ~~ 20 1.34 • 20 ••• • C 25 ..-1.'5 • 21 .1. • 10 •• 0 .  00 1.20 • IS 1.21 • n 1.90 • 
.0 1." • <0 1.93 • L.-; ., 1.'0 • ., 1.51 • 
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Table 6. (Cont. ) 
10, 1'1<1 60 DIHEDRAL ANGLE l.DO WAVELENGTH 5300 ., PHI 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 
AVERAGE GAIN FUNCTION (1.E+71 AVERAGE GAIN FUHCTIOH (1,E.7, 
0 4." 0 0 10.52 0 
5 3.45 0 5 10.2, 0 
10 2.7, 0 10 9.10 0 
15 :1.11 0 15 9.05 0 
20 5,69 0 20 1.14 0 
25 7. 11 0 25 7.11 • 30 1.9' 0 30 6.23 0 
35 1.55 0 35 5.34 0 
40 '.4' 0 40 4,52 • os 7.51 0 os 3.1, 0 
50 '.)0 0 50 3.11 0 
R.M.S. fLUCTUATION R.M,S, FLUCTUATION 
0 0.00 • 0 0,00 • 
5 .01 • 5 .oz • 
10 .23 0 10 .02 • 
15 ,52 0 15 .01 • 
20 ,n 0 20 .01 • 
25 I.' .. 0 25 .01 • to> 30 I,ll 0 30 .01 • 
"" 
35 2.09 • 35 .01 • 40 z.u 0 40 .00 • 
45 2.12 0 4' .00 .. 
50 I," 0 50 ,DO • 
_._-
., PHI 5 DIHEDRAL ANGLE 2.00 ""VELENGTH 6094] 
.' 
PHI 10 DIHEDRAL ANGLE 2.00 WAVELEH6TH 6'43 
AVERAGE GAIN FUNCTION (1,Et7' AVERAGE GAtN FUNCTION (1,E'7) 
o !.: 10 ... , 0 0 lQ ... 4 0 
5 • 10. 25 • 5 9,17 • 10 9.Tl • 10 '.ll • 15 I.tl • 15 1.5 • • L..-20 •• 01 • 20 7.61 • 25 7,0' 0 25 6.01 0 
30 '.12 0 30 5." • J5 5.24 • 35 5.15 0 40 4,4, 0 40 4.44 0 
45 3.70 0 .. 3.115 0 
50 J.Ol 0 50 3.37 0 
.... , 
R,N.S, FLUCTUATION A.N.S. fLUCTUATION 
-, o' 0 0.00 • 0 0,00 • . ' 
.OJ • 5 .01 • 
10 .0' • 10 , .. • , 15 .1" i . 15 ,61 0 
';, ZO ,25 0 20 ,n • 
} 25 ,n 0 25 1.01 0 
'" 
So , .. o · 
'0 , .. 0 U ,31 0 n .71 0 40 , .. 0 40 ,55 0 
'" .. ,17 • 45 ". 
0 
50 ,11 0 50 ••• • 
• 
Table 6. (Cant. ) 
q. PH! .. DIHEDRAL ANGLE z.oo "A'iElEHC,TH 6943 .. PH! zo DIHEDRAL ANGLE 2 .00 WAVElENC.'H .,4) 
AVERAGE GAIN FUNCTION (l.e_ll AVERAGE GAIN' fUNCTION Cl.e_l1 
0 10.16 • 0 11.Z1 • 
• 9.17 • • 10.51 • !O 
'.' 
9.01 • 10 9.14 • .. '.12 • .. 1.77 • zo 1.n " • zo 6.9, • .. 6.69 • 2 • 6.72 • 
'0 6.13 • .0 6.6, • .. '.60 • .. 6.52 • 40 '.0, • 40 . 6.01 • 
•• 4.62 . • .. 5.43 • 
.0 4.U • '0 • ,6' • 
. 1 
R.N.S. flUCTUAT IOh R.M.S. FlUCTUATl~ 
0 0.00 • 0 0.00 • 
• .lii • • .Zl • 10 ,59· • 10 .15 • 
.. 1,10 • .. 1.U • ZO 1 ••• • ZO 1,60 • .. 1.4. • .. 1. 3a • 
.0 1.13 • '0 . 'z • 
... .. .n • .. .n • en 40 .01 • '0 1.14 • 4' , .. • .. 1.13 • 
'0 ,19 • .0 I,D) • 
•• PH! .. DIHEDRAL ANGLE 2.00 WAYELENGTI"I 6'43 I, PH! .0 DIHEDRAL ANGLE 2.00 WAVELENGTH 6 94) 
AYERAGE GA)N FUNCTION Cl,E.71 AV ERAGE GAIN FuNCTION CI.E_ll 
0 U.07 • 0 12.12 • 
• 10.92 ' • • 10.67 • 10 _.94 • 10 _,12 • .. 7.19' r • .. 6,55 • ~o 6.55 • zo 6.'5 • 2, 6.15 • 2. 7.21 • 
'0 7.29 • •• 7.17 • ). 7.27 • .. 7.65 • 40 _ 6.6, • •• 6.7, • 
•• 5,12 .;. • •• '.75 • 
'0 4.?, • •• 4,91 • 
R.M,5, FLUCTUATION A.M.S. FLUCTUATION 
0 0.00 • • 0,00 • 
• ,22 • 
,
.21 • 1. ,U • 1. , .. • 15 1.15 0 15 , .. • 20 1.26 • ZO .90 0 2. 1.00 • 2, 1. 00 • 
'0 , .. 0 .0 1.32 • .. l.ll • .. 1.47 • 
•• 1.11 • '0 1.31 • .. 1.11 • < •• 1. 10 • 50 1.06 • •• 1.00 • 
-, 
-~~--- -. -., L 
Table 6. (Cont. ) 
0, PHI 15 DIHEDRAL ANGLE 2.00 WAVELENGTH 69-43 .. PHI •• DIHEDRAL ANc.L.E 2.00 WAVELENGTH 694) 
AVERAGE 'AIN FUNCTION (l.E"1 AVERAGE GAIN FUNCTION t1.E.,' L • 11.'2 • 0 10.45 • , t.n • , 0 •. 14 • 
10 T.n • I. 6.36 • 
15 .5.9) • .. 5.4Z • 
2. ,." • 2. 6.4e • 
25 T.'6 • 25 e.oo • 3. 1.23 • 3. I.la • 
15 ' .11 • 35 1.10 • 
4. 6.'" • 4. 6.91 • 
4' '.97 • '5 6.41 • ~ 5. '.IS • '0 5.1. • 
R.M.S. fLUCTUATION R.M.S. fLUCTUATION I 
I 
• 0.00 • • 
0.00 • 
5 • 21 • 
,
.20 • 
I. .55 • I. • •• • 15 .97 • 15 1.33 • 20 1.)0 • 2. 1.11 • I 25 1.41 • 2. 1.90 • ~ 
•• 1.41 • 
3. 1.'0 • I to 
" 
1.14 • 15 1.21 • en 40 1.15 • 4. 1.Z4 • 
4' 1.0. • .. 1.41 • 5. 1.11 • 
,. 1. 31 • 
w, PHI . ., DIHEDRAl. ANGLE z.oo WAVELENGTH 6943 .. PH' ,. DIHEDRAL ANGLE z.oo WAVELENGTH "4) L--
AYEAA~ GAIN FUNCTION tl.E'" AVERACiE GAIN FUNCTIOf. It.Eel' 
0 11.15 • 0 11.)0 • 
5 •• 11 • 
, 9.n • 
10 •• 26 • 10 6.49 • 
15 5.0, • 15 5.12 • 2. '.2, • 2. 6.11 • 
25 1.04 • 2. 1.90 • 
3. 1.5, • 3. '.6) • 
S5 1." • 15 1.03 • 
40 ".00 • 4. 1.04 • 45 ,.4, • 
., 6.2, • 
5. '.11 • ,. . 5.6) • 
A.M.S. FLU:TUATIGN R.M.S. FLUCTUATION 
• - 0.00 • 
0 0.00 • 
5 • 1, • • .17 • 
'0 .41 • 10 .22 • 15 1.05 • 15 .'2 • Z. 1.1) • Z. • •• • 
25 l.t5 • Z5 I.la • 5. 1.62 • 3. 1.47 • 
35 1.2, • 35 1.)0 • 40 1.32 • 4. 1.Z5 • 4S 1 ... • 4' 1.32 • L-5. 1.)0 • ,. I.Z4 • I , 
---
< • 
---_ ... ' .----- ---------------L 
Table 6. (Cont. ) 
y. PHI •• DIHEDRAL ANGLE 2.00 "..,VELENGTH 69"~ 
.. PHI .0 DIHEDRAL ANGLE 2,00 "AVELENGTH 6941 
AVERAGE GAIN FUNCTION Cl.E_7, AVERAGE GAIN fUNcTION 'l ,E. l' 
0 11.24 • 0 11.36 • 
• '.5. • • 10.05 • 10 7.06 • 10 1.9" • 
" 
'.59 • " 
6,42 • 
20 6.10 • 20 6.33 • 
., T.56 • 2. 1.14 • 
10 I.S? • 10 7.74 • 
., 1.01 • .. 1.57 • 
40 1.06 • 40 6.115 • 
., 6.15 • 4, 6.00 • 
• 0 5.35 • '0 5.16 • 
A.M.S. FLUCTUATION A.M.S. FLUCTUATIOh 
0 0,00 • 0 0,00 • 
• .14 • • 
.12 • 
10 • 17 • 
I, .2. • 
15 ... • 
15 ••• • 
20 ... • 
20 1.04 • 
Co> ., 
.47 • 2' 
1. 12 ,. 
--I 10 .11 • 
10 ,., • 
'5 1.t5 • .. • 11 • 40 1.1, • 40 1.07 • 




00 f.9~ \~ . 





Table 7. Sample gain-function matrices . The angles 91 and 92, in microradians, 
are defined in Figure S. Only half the matrix is presented since 
G(9 1,92) = G(-9 l' -92), 
a: PHI 0 DIH EDRAL ANGLE 2.00 WAVEL<NGTH 5300 
82 GAIN FUNCT 10;, (l.E·n 
50 2.90 2.87 l.7ij l.66 2.50 2.34 2.18 2.03 1.90 1. 78 1.66 
45 3.60 3.56 3.43 3.23 2.99 2.73 2.48 2.26 2.07 ,l~ 91 1.78 
40 4.50 4.44 4.27 3.99 3.65 3.27 2.90 2.~6 2.29 l.07 1.90 
35 5.52 5.45 5.23 4.89 4.44 3.94 3.43 2.96 2.56 2.26 2. U3 
30 6.58 6.49 6.l4 5.83 5.30 4. 6 9 4.05 3.4:'\ 2,90 2.48 2.18 
25 7.60 7.50 7.21 6.75 6.15 5.45 4.69 3.94 3.27 2.73 2.34 
20 8 .56 8 .45 8. 12 7.60 6.93 6.15 5.30 4.44 3.65 2.99 2.50 
15 . 9.46 9. 32 8. 93 8.34 7.60 6.75 ~.83 4.89 3.99 3. 2 3 2.bo 
10 10.22 10 . 05 9.60 8.93 8.12 7.21 6.24 5 .2 3 4 . 27 3.43 2.78 
5 10.75 10.57 10.0~ 9 .32 8.45 7.50 6. 49 5.4 5 4 .44 3.56 2.87 
0 10.94 10.75 10.22 9.46 6.56 7.60 6.~8 5.52 4.50 3.60 2.9U 
-5 10.75 10.57 10.0~ 9.32 8.45 7. ~0 6.49 5.45 4.44 3 .. 5t, 2 . 87 
-10 10.22 10.05 9.60 8.93 8.12 7. l1 6.l4 5. 23 4.21 3.43 2.78 
-15 9.46 9.32 8.93 8.34 7.60 6 • .,5 5.83 4.SQ 3.99 J .23 2.66 
-20 8.56 8.45 8.12 7.60 6 .93 6.15 5.30 4.44 3.65 2.99 2 .50 
-25 7.60 7.50 7.21 6 .75 6.15 5.45 4.69 3. 94 3.27 2.73 2. 34 
-30 6.5 8 6. 4 9 6.24 5.83 5. 30 4. tJ 9 4.05 3. 43 2. 90 2.48 2.16 
-35 5.52 5.45 5.23 4.69 4.44 3.94 3.43 2.96 2.56 2.26 2, 03 
-40 4. 50 4.44 4.27 3.99 3. 65 3. 27 2.90 2.56 2.29 2.07 1.90 
-45 3.60 3.56 3.43 3 .23 2.99 2.73 2.48 2.26 2.07 1.91 1.78 
-50 2 .90 2 .87 2.78 2 .66 2.50 2.34 2.18 2.03 1.90 1.78 1.66 
0 5 10 15 20 25 30 35 40 45 50 81 
b: PHI 25 DIHEDIlAL ANC,LE 2. 00 WAVELENGTH 5300 
82 GAIN FUNCTI m . (1.E '7 1 
50 6.54 6 .95 7.18 7.20 7.05 6.79 6.36 5.68 4.74 3. 72 2.81 
45 7.41 7 .95 6.27 8 .35 8.23 7. 9 8 7.58 6.92 5.94 4. 78 3.62 
40 7.77 8.32 8.67 8.84 8.83 A.b4 8. l4 7.~8 6.65 5.52 4.29 
35 8. 58 8.88 9.04 9 .20 9.28 9.1 5 tI.b8 7.b9 6.90 5.83 4.68 
30 9.79 9.62 9.53 9.66 9.82 9 .73 9.20 8. 20 7.00 5.68 4.82 
2 5 9.76 9.30 9.31 9.69 10.03 10. 0 5 9.60 8.58 7.21 5.93 4.87 
20 7 .40 7.21 7. 8 1 8.73 9.34 9. 52 9.39 8.75 7.53 6 .16 4.99 
15 4.25 4.68 5. 8 3 7.12 7.8 4 8 .10 8.44 6.55 7. 86 6.58 5.28 
10 2.93 3.66 4 . 6 2 5.63 6.13 6.36 7.16 8.14 8.16 7.12 5 .70 
5 3.81 4.09 4. 15 4.53 4.16 4 .99 6.15 7.73 8.37 7.53 6.05 
0 4.60 4 .08 3.49 3.69 4.04 4.41 5 . 72 7.56 8.29 7.52 6.07 
-5 3.81 2.98 2.73 3.53 4.27 4.73 5.86 7.34 7.78 6.94 5.63 
-10 2.93 2.63 3.39 4.82 5.59 5.72 6.25 6.98 6 .86 5 .95 4.89 
-15 4 .25 4.17 6.12 7.29 7.33 6.73 6.~0 6.42 5.81 4.89 4.13 
-20 7'iQ 8.27 9.17 9.22 8 . 23 7.U5 6.33 5.71 4 . 82 4.03 3.51 
-25 9. 6 · 10.~ 10.15 9.16 7.71 6.56 5.81 4.99 4.07 3.43 3 . 04 
-30 9. 7~ .'1.6 8.62 7.60 6.52 5.!.7 5.29 4.46 3.59 3. 0 5 2.67 
-35 8.58 .96 7.08 6.28 5.84 5. 56 5.01 4.13 3.32 2.79 2.36 
-40 7.77 7.06 6.41 6.02 5.84 5.50 4 .76 3.ij3 3.06 2.53 2.05 
- 45 7.41 6.81 6.32 6.01 5.67 5.06 4. 17 3.30 2.65 2.14 1.69 
-50 6.54 6.06 5.62 5.22 4.69 3.97 3.18 2.54 2.05 1.64 1.28 
0 5 10 15 20 25 30 35 40 45 50 81 
38 
Table 7. (Cont.) 
c: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
92 GAIN FUNCTIOh I JoE'7) 
50 7.25 7.87 S.H 8.48 8.24 7.~7 6.43 4.98 3.58 2.~6 1.92 
45 9.69 10.40 10.ao 10.74 10.20 9.34 8.16 6.57 4.80 3.39 2.50 
40 ll.4C 12.23 12. 87 12.82 11.78 10.31 8.98 1.~5 5.82 4.24 3.13 
35 10.L3 11.54 13.30 14.26 13.37 11.31 9.51 8.11 6.55 5.02 3.83 
30 7.56 9.19 11.70 13.61 13.42 11.59 9.83 8.50 7.04 5.55 4.38 1 25 6.73 7.94 9.58 10.88 10.87 9.96 9.23 8.58 7.35 5.82 4.59 
20 6.90 7.45 .., - ~~ 7.93 7.46 7.18 7.67 8.14 7.54 6.13 4.75 I 15 4.87 ~.Z3 5.54 5.54 5.06 4.93 5.98 7.35 7.58 6.57 5.16 
10 2.90 . .• '1' 1 2.88 3.42 3.79 4.05 5.23 6.b9 7.47 6.78 5.58 I 5 4.72 3,,56 1.73 2.05 3.50 4.64 5.99 7.34 7.45 6.56 5.66 0 6.71 4.57 1.53 1.73 4.03 5.95 7.40 8.23 7.62 6.35 5.63 
-5 4.72 3.00 1.19 2.25 4.7& 6 .66 7.99 8.66 7.97 6.68 5.90 I 
-10 2.90 2.26 2.24 3.64 ~.28 6,45 7.7Z 8.75 8.56 7.46 h.;3 I -15 4. 8 7 4.59 4.73 5.21 5.62 6.31 7.76 9.13 9.17 7.96 6.37 
I -20 6.90 6.37 6.12 6.1~ 6.41 7.12 8.48 9.52 9.16 7.66 5.94 I -25 6.73 6.19 6.52 7.38 7.98 8.32 8.84 9.06 8.22 6.72 5.30 
-30 7 ,56 7.21 8.01 9.02 9.05 8.36 7.94 7.b4 6.17 5.56 4.51 I 
-35 10.Z3 9.73 9.7 5 9.47 8.31 6.96 6.37 6.11 5.n 4.37 3.49 I 
-40 11.40 10.53 9.50 8.13 6.58 5.52 5.21 4.92 4.11 3.13 2.36 I -45 9.69 8.72 7.54 6.2t- 5.19 4.57 4.23 3.66 2.76 1.94 1.40 -50 7.25 6 . 50 5.63 4,75 3.97 3.36 2.79 2.14 1.49 1.02 .75 
• 
0 5 10 15 20 25 30 35 40 45 50 91 I 
! 
d: PHI 60 DIHEDiiAL ANGLE 2.00 WAVELENGTH 5300 
e2 GAIN FUNCTIOr. 11.E· ?) 
50 6,30 7,18 7.69 7.77 7.33 6.43 5.28 3.95 2, 62 1.59 .99 
45 6,63 7.73 8.70 9.22 8,99 8.04 6.66 5.04 3.44 2.16 1. 34 
40 6.79 8.07 9.59 10.71 10,81 9.63 8,10 6.07 4.20 2,71 1. 79 
35 7.18 8.64 10. 41 11,74 11.96 10.96 9,01 6,66 4 .• 63 3.22 2,23 
30 7.69 9.29 10, 86 11.73 11.63 10.~4 8 , 86 6.61 4.63 3.35 2.48 
25 7.31 8.98 10.27 10.54 9.88 $ .89 7 , 68 6.06 4.38 3.24 2.54 
20 5.33 6.91 8.33 8 . 62 7.72 6 .72 6.15 5.44 4.28 3,26 2.66 
15 2.98 4.09 5.69 6,63 6.16 5.26 5,15 5.32 4.80 3.d6 3.19 
10 2.34 2,58 3.63 5.08 5 .47 5.01 5,24 6.08 6.12 5.23 4 . 29 
5 3,56 2,94 2,84 4.23 5.46 5.70 6.36 7,65 8.04 7.07 5 , 75 
a 4.44 3.59 2.87 4.13 5.91 6.86 1,98 9.52 9.~7 8.83 7 .15 
-5 3.56 3.15 3.02 4,62 6.72 8.10 9.50 11.00 11.27 9. 97 8 ,14 
-10 2,34 2.37 3.22 5.33 7.58 9.14 10.50 11.61 11.54 10 ,24 8.52 
-15 2,98 2.77 3. 76 5,83 8.06 9.72 10.84 11,34 10.90 9.72 8.26 
_20 5.33 4.41 4.61 6,01 8.02 9,69 10.52 10.48 9.78 8.73 7,44 
-25 7,31 5.94 5.42 6,10 7.67 9.09 9,61 9.32 8.59 7.55 6.25 
-30 7,69 6 , 47 5,90 6.22 7.21 8.06 8.29 8.02 7.39 6.31 4,93 
-35 7.18 6 . 28 5,90 6.05 6.51 6.79 6,77 6.60 6.10 5,03 3.70 
_40 6,79 5.90 5,39 5.29 5.41 5.40 5.28 5,14 4.70 3,74 2.65 
-45 6,63 5,49 4,54 4.11 4.08 4,05 3.93 3.76 3.34 2.57 1.81 
-50 6 ,30 5.06 3.82 3,11 2.90 2,84 2,73 2,57 2.21 1.66 1,17 
0 5 10 15 20 25 30 35 40 45 50 81 
omGlNAD pA.GE 18 
39 OF l'OOR QuALIril 
J____ 1 _ 
Table 7. (Cont. ) 
e: PHI 0 DIHEDRAl. ANGLE 2.00 WAVELENGTH 6943 
62 GAIN FUNCTION (1.E·7) 
50 3.11 3.08 2.99 2.81., 2.65 2 . 43 2.18 1.93 1.68 1.4b 1.26 
45 3.78 3.74 3.63 3.45 3.21 2. 93 2.63 2.31 2.00 1.71 1.46 
40 4.52 4.47 4.33 4. 11 3 ,8 2 3. 4 8 3.11 2.73 2.36 2.00 1.68 
35 5.34 5,28 5.1 0 4. 8 3 4.4':' 4.07 3.63 3.18 2.73 2,31 1. 93 
30 6 . 24 6.16 5 .. 94 5.60 5.16 4.67 4.15 ; 3. 63 3.11 2 . 63 2 . 18 
• 25 7.19 7.1 0 6.82 6.40 5.87 5 . 28 4.67 4.07 3.48 2.93 2.43 
20 8.16 8.05 7.71 7.19 6.56 5.d7 5 .1 6 4.47 3.82 3.21 2.65 
15 9. 0 8 8. 94 d.54 7.93 7.19 6.40 5.6() 4.H3 4 . 11 3 .45 2.84 
10 9.84 9.68 9.22 8.54 7.71 6 .~2 5 .94 5.10 4.33 3 . 63 2.99 
5 10.34 10.17 9.68 8.94 8 . 05 7 .10 6 .16 5.28 4.47 3 . 7 4 3.08 
0 10.52 10.34 9 . 84 9. 0 8 8.16 7 .1 9 6.24 5.34 4.52 3.78 3.11 
-5 10.34 10 . 17 9. 68 8.94 8.05 7.10 6.16 5.28 4.47 3 . 14 3.08 
-10 9.84 9.68 9.22 8.54 1.71 6,82 5.94 5.10 4.33 3.63 2.99 
-15 9 . 08 8.94 8.54 7.93 1.19 6.40 5.60 4.83 4.11 3.45 2.84 
-2 0 8.16 8.05 ".71 1.19 6.56 5.B7 5.16 4.'-17 3.82 3.21 2.65 
-25 7.19 1.10 6.82 6.40 5.87 5. 28 4.67 4.07 3.48 2.93 2.43 
-30 6.24 6.16 5.94 5.60 5.16 4.67 4.15 3.103 3.11 2.103 2.18 
-35 5.34 5.28 5.10 . 4.83 4.41 4. 01 3.63 3.18 2.13 2.31 1.93 
-40 4.52 4.47 4.33 4.11 3.82 3.48 3.11 2.13 2.36 2.0n 1.108 
-45 3.78 3.74 3.63 3.45 3.21 2.93 2.63 2.31 2.00 1.71 1.46 
-50 3.11 3.08 2.99 2.84 2.65 2.43 2.18 1.93 1.108 1.46 1.l6 
0 5 10 15 20 25 30 35 40 45 50 8 1 
f: PHI 2 5 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 
62 GAIN FUNCTIOr. (1.E·7) 
50 4.36 4.48 4. 56 4.61 4.64 4.60 4.46 4 ,, 1" 3.78 3.27 2.12 
45 5.77 5.81 5. 8 1 5.82 5.80 5.69 5.45 5.06 4.51 3.83 3.11 
40 7.14 7.11 7. 13 7.18 7.17 6.99 6.63 6.08 5 . 37 4.50 3.58 
35 7.72 7.72 7.93 8.22 8.37 8.22 7.74 7.04 6.18 5.17 4.08 
30 7.12 7.32 7.90 8.60 9.08 9. C5 8.51 7.69 6.73 5.67 4.52 
25 5.-88 6.38 7.33 8.42 9 .20 9.32 8.77 7.86 6.88 5.89 4.79 
20 5.19 5.95 7.00 8.14 9.00 9.14 8.54 7.57 6.63 5.79 4.86 
15 6.07 6.83 7.51 8.2 0 8.74 8.72 8.00 6 ... 8 6.11 5.47 4.79 
10 8.44 8.86 8.12 8.55 8.50 8.17 7,33 6.27 5.50 5.06 4.63 
5 10.98 10.81 9.73 8.69 8.10 7.54 6.65 5.63 4.95 4.68 4!J 44 
0 12.07 11.29 9.58 8.13 7.37 6.k5 6.06 5.13 4.55 4.38 4.23 
-5 10.98 9.84 8.11 6.90 6.49 6 • .27 5. 68 4.87 4.32 4.16 4.01 
-10 8 .44 7.31 6.15 5.69 5.89 6.04 5.61 4 .&4 4.26 4.on 3.76 
-15 6.07 5.30 4.94 5.30 6.00 6.29 5.83 4.98 4.29 3.88 3 .50 
-20 5.19 4.88 5. 19 6.00 6.75 6.d3 6.13 5.12 4.29 3.73 3 .21 
-25 5.88 5.93 6.49 1.23 7.59 7. 20 6.19 5.05 4.15 3.49 2.88 
-30 7.12 7.32 7.74 8 .03 7.80 6.96 5,77 4 .65 3,79 3.13 2.51 
-35 7.72 7. 86 7.95 7.7 /t 7.06 6.02 4.90 3.9B 3.28 2.69 l.12 
-40 7.14 7.14 6.94 6.42 5.62 4.69 3.87 3.24 2.74 2.26 1.76 
-45 5.77 5.63 5.29 4.75 4.09 3.47 2.99 2.63 2.29 1.90 1.49 
-50 4.36 4.14 3.dl 3.40 3.00 2.68 2.45 2.24 1.98 1.64 1.29 
0 5 10 15 20 25 30 35 40 45 50 8 1 
~ . ·'k "~'. , ., 
.. 
• 40 
Table 7. (Cont. ) 
g: PHI 45 DIHEDRAL ANGLE 2.00 I<IAVELENGTH 6943 
82 GAIN FUNCTIOII 11.E·7) 
50 5.31 5.79 6.50 7.15 7.33 6.18 5. 68 4.46 3.45 2.72 2.12 
45 5.59 6.26 7.36 8.51 9.13 8.75 7,46 5.b3 4.40 3.36 ;1.58 
40 6.32 7.02 8.11 9.31 10.04 9, ~ 0 8,55 6.82 5.21 3.97 3.03 
35 8.28 8.80 9.39 9.97 10.21 9.74 8,53 6.96 5.51 4.33 3.36 
30 10.54 10.82 10.88 10.70 10.19 9.20 7.84 6.4t4 5.28 4.37 3.56 
25 10.89 11,13 11.14 10.83 10.06 8 .. 71 7,20 5.Ll 4.86 4,25 3.68 
20 8.67 9.02 9.35 9.56 9.33 8,39 6.90 5.49 4.62 4.21 3.86 
15 6.28 6,54 6.76 7.26 7,79 7.69 6.75 5.54 4.77 4.~n 4.25 
10 6.69 6.39 5.45 5.23 5.98 6.72 6.60 5.90 5.38 5,20 4.89 
5 9.50 8.35 5.73 4.16 4.60 5.88 6.56 6.47 6.25 6.11 5.61 
0 11.15 9.42 5.89 3.62 3.92 5.53 6.70 7.00 6.96 6,79 6.10 
-5 9.50 7.86 4.92 3.31 4.01 5.75 6,91 7.18 : .. 09 6.86 6.12 
-10 6.69 5,64 4.20 3,89 5.01 6.40 7.01 6.b6 6.57 6.29 5,67 
-15 6.28 5.78 5.47 5.84 6.65 7,12 6,85 6,19 5,71 5.46 5.04 
-20 8.67 8.34 8,17 8.16 3.03 7.45 6.46 5.52 4,99 4.77 4.47 
-25 10.89 10.45 9.88 9.23 8.39 7.31 6,14 5.19 4.65 4,36 4,02 
,.30 10.54 10.00 9,:l~ 8,64 7,94 7.u9 6,12 5.23 4.57 4.07 3.55 
-3_5 8.28 7.84 7,56 7.49 7.42 7.04 6.24 5.24 4.33 3.61 2.96 
-40 6.32 6.06 6.25 6.73 7.06 6.t, 2 5.92 4.72 3,67 2.89 2.28 
-45 5.59 5.45 5.15 6.21 b.38 5.90 4,b3 3.b4 2,71 2.10 1.66 
-50 5.31 5.15 5.23 5,30 5.05 4.34 3.35 2.44 1.85 1.50 1.22 
0 5 10 15 20 25 3C/ 35 40 45 50 81 
h: PMI 60 DIHEDRAL ANGLE 2 .00 wAVELENGTH 6943 
82 GAIN FUNCTlO" 11.E·7) 
50 4.76 5.13 5.56 5.94 6,07 5.79 5.11 4.14 3.09 2.12 1 . 38 
45 6.26 6.66 6.98 7,14 7.01 6, 51 5.67 4.bO 3.44 2.36 1.51 
100 7.59 8.02 8.21 8.09 7.61 6.81 5.79 4.68 3.55 2.109 1.62 
35 8,05 8.52 8,72 8,52 7,85 6. LO 5,60 4.47 3,46 2,54 1,76 
30 7,27 7.79 8.21 8.31 7.81 6,74 5.42 4,23 3,34 2.64 2.00 
25 5.75 6.24 6,98 7.62 7.67 6,L8 5,55 4,29 3.104 2, 91 2.42 
20 4,75 5.06 5,83 6,87 7.55 7.28 6,14 4,&1 3,90 3. 44 3.05 
15 5,40 5.30 5,57 6,48 7,53 7.83 7,04 5.75 4.75 4,25 3.87 
10 7,67 7,08 6.38 6,57 7.58 8.32 7,99 6,87 5.81 5.21 4.77 
5 10,2 4 9,27 7.61 6,93 7.65 8.65 8,73 7.86 6.84 6.16 5.62 
0 11,36 10,33 8,30 7,19 7,70 8.81 9,1 5 8,51 7.59 6.90 6.27 
~5 10,24 9.51 7 .90 7,10 7.72 8. 810 9 , 25 8,75 7.94 7.28 6.60 
-10 7,67 7,40 6,74 6,74 7,69 8.76 9 ,08 8.bl 7,91 7,29 6,57 
-15 5,100 5,46 5.66 6,39 7.54 8.47 8 .65 d,lO 7.58 6.97 6.19 
-20 10,75 4,85 5,310 6 ,22 7, 24 7.92 8 , 00 7,61 7.05 6,100 5,56 
-25 5,75 5,60 5,77 6,22 b.76 7.13 7,16 6.88 6,38 5,69 4.80 
-30 7, 27 6,79 6."0 6.17 6.14 6,22 6,24 6.05 5.59 10.88 10,01 
-35 8,05 7,37 6.60 5.92 5,50 5.37 5.34 5.16 4,71 10,03 3,26 
-100 7,59 6.910 6.15 5 . 100 4,90 10,67 4,53 4.26 3,79 3.18 2.58 
-loS 6,26 5.77 5.22 10 ,70 4.33 10,08 3,82 3.43 2,91 2,41 1,97 
-50 10,76 10.45 4.16 3,92 3.72 3,51 3,18 2.70 2.18 1.75 1,46 
0 5 10 15 20 25 30 35 40 loS 50 81 
41 





~ • • / 
Figure 9. Contour plots of the gain-fllnction matrices given in Table 7. Circles 25 and 50 jmld in radius are 
shown to mark the minimlllf and maximum values of the velocity aberration. The numbers are the 
gain function in units of 10. The incidence angle cp, the dihedral-angle offset 6, and the wavelength 
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8. RANGE CORRECTION 
Range corrections corresponding to the reflectivity data from Section 7 are given 
here; the data have been computed under the same conditions and are presented in the 
same format. The range correction is the difference between the centroid of the actual 
return pulse and the centroid of the pulse that would be received from a point reflector 
at the center of gravity of the satellite. In addition to the data on the centroid of the 
return, some information is presented on the half-maximum and half-area points of 
the return signal. 
The data in this section have been computed for the incoherent case; the effect 
of coherent intenerence is discussed in Section 9. Note that the half-maximum and 
half-area data are not necessarily the average of the coherent cases. 
Tables 8 and 9 were computed from the reflectivity curves of Figur e 7. Table 8 
gives the centroid of the total reflected signal, a quantity that can be measured only 
in the laboratory, where it is possible to collect the total reflected energy. Table 9 
shows the average range correction in the annulus determined by tbe velocity aberra-
tion; the curves for the two wavelengths 5300 and 6943 A are nearly identical, the 
maximum difference being about 1 mm. The difference in the curves between Table 8 
and Table 9 is larger, with a maximum difference of about 1 cm. The range correc-
tion is plotted against the incidence angle cj> out to the largest angle at which the array 
i s reflective. Only angles up to about 60 · can actually be observed, as the satellite 
is gravity stabilized. The computer graph to the right of each page is plotted with the 
incidence angle increasing down the page and the range correction increasing to the 
right at a scale of 1 cm per horizontal print position. The horizontrJ origin of the 
graph bas been displaced on each page to try to keep the points from going off scale. 
The difference between the range correction for a half-maximum detection system 
and the range correction for a centroid detection system is shown in Table 10. The 
correction from this table, added to that from Table 9, yields the total range 
correction for this type of pulse detection. The largest values in the table are for the 
50 
I 
shortest transmitted pulses. In Table 11, the difference between the range correction 
for a half-area detection system and that for a centroid detection system is given. 
The differe!lce is largest for a O. 2-nsec pulse and is zero to within the accuracy of the 
computation for a 20-nsec pulse. 
Table 12 shows how the range correction varies with velocity aberration. The 
format ib the same as that of Table 6 for the gain functio!l. The computer graphs on 
the right are plotted at a scale of 1 cm per horizontal print position. The horizontal 
origin of the range correction has been adjusted to keep the maximum in the same 
position on each page, while that for the rms fluctuation has not been adjusted. For 
cj> = 0·, the range correction is constant throughout the whole far-field pattern. At 
other incidence angles, such as cj> = 45·, variations with velocity aberration are larger. 
Fortunately, the largest variations occur around 10 fU'ad, which is not an observable 
value of velOcity aberration. The variations in the 25- to 50-fU'ad range are under 
2 cm. 
Some of the range-correction matrices from which the data of Table 12 were com-
puted are given in Table 13, where the format is the same as that of the gain matrices 
(Table 7). The angles 91 and 92 are defined in Figure 8. The average range correc-
tion in the 25- to 50-~d annulus obtained from these matrices agrees with the range 
corrections of Table 9, which were computed with the reflectivity curve of Figure 7 to 
• • 
within 1 mm for >-. = 6943 A and 1.5 mm for >-. = 5300 A. 
Figure 11 consists of l-cm-interval contour plots of the range-correction matrices 
in Table 13. N·., plots are gi' -en for cj> = 0 ·,since the range correction is constant for 
this case. For other values cf <I? the range cor r ection is asymmetric from left to right, 
just as the gain function was. As discussed in Section 7, the asymmetry is due to the 
method of orienting the cube corners. 
51 
n Si i. 
en 
t<I 
Table 8. Centroid range correction for total reflected energy vs. incidence angle. (This quantity can be 
observed only under laboratory conditions, where it is possible to collect all the reflected energy.) 
PHI (DEG' RANGE CORRECTION CMETERS, 
0.0 1.3043 • 
1.0 1.3046 • 
2.0 1.1051 • 
3,0 1.3014 • 
~.o 1.3098 • 
5.0 1.3126 • 
•• 0 1.3160 • 
7.0 1.3198 • 
8.0 1.3238 • 
9.0 1.3281 • 
10.0 1.3324 • 
11.0 1.3368 • 
12.0 1.3410 • 
13.0 1.3450 • 
14.0 1.3489 • 
15.0 1.3524 • 
16.0 1.3557 • 
17.0 1.3586 • 
11.0 1.3612 • 
19.0 1.3629 • 
20,0 1, 3639 • 
21.0 le3645 • 
22.0 le3646 • 
23.0 1.3643 • 
24,0 le3631 • 
25.0 1.3621 • 26 .0 1.361ft • 
27.0 1.3591 • 
28.0 1,3516 • 29.:> 1.3550 • 
30.0 1.3520 • 
31,0 1.'486 • 
:u.o 1.3448 • 
33.0 1.340s • 
34.0 !e3l59 • 
35.0 1.3308 • 
36,0 1.3253 • 
37,.0 1.3194 • 
38.0 1.3131 • 39.0 1.306", • 
40.0 1.2993 • 
41.0 1.2911 • 
42.0 1.2831 • 
43.0 1.2152 • 
44,0 1.2663 • 
45.0 1.2569 • 
46,0 1.2471 • 
41.0 1.2369 • 
48.0 1.2262 • 
49.0 1.2152 • 
50.0 1,2038 • 
51.0 1. 1920 • 
52.0 1.1199 • 
53.0 I,Ul5 • 
54 . 0 1.1547 • 
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Table 8. (Cant.) 
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Average centro1d r11I);ge correction in ~ ~E- ~~ i'O_jAld annulus of the far-field pattern VB. 
angle. a: A = 5300 A.. 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 9b. (Cont. ) 
PHIIDEGI RANGE CORRECTION IMETERSI :---
56.0 1.1368 • 57.0 1.1229 • 
'8.0 1.1088 • 59.0 1.0943 • 60.0 1.0796 • 61.0 1.0646 • 
62.0 1.0494 • 6).0 1.0338 • 64.0 1.0180 • 
f-
65.0 l.OO19 • 66.0 .9854 • 67.0 .96.6 • 68 . 0 . 95 15 • 
• 9.0 . 9340 • 
70.0 .9161 • 
71.0 .8979 • 12.0 .1792 • f--73.0 .8602 • 74.0 .8410 • 
75.0 .8Zl5 • 
76.0 • 8021 • 
77.0 .782~ • en 78.0 .7623 • -J 79.0 .7419 • 
.0. 0 . 72 1. • !--11.0 . 7011 • 
• 2.0 .6805 • 83.0 • 6599 • 84.0 • 6390 • 85.0 . 61'9 • 
• 6.0 .5'('9 • 11.0 .5758 • 
.... 0 .5546 • 
89.0 .5334 • 
!--
90.0 .5119 • 91.0 .4906 • 
92.0 • 4690 • 
'!I . O • 4472 • 94.0 .4254 • 95.0 .4030 • 96.0 .3811 • 97.0 .3590 • 
L 
91.0 .3356 • 99.0 .3125 • 
100.0 .2879 • 
101 .0 • 2644 • 102.0 .2411 • 103.0 .2174 • · IO~.O .1948 • 105.0 , 1691t • ~ 10 •• 0 .1446 • 10 / .0 .1197 • 
101.0 • OV49 • 
109.0 .0707 • 
f--
_..j;> . ..l L~ .. , 
-__ I _ J _____ J_ ' 
Table 10. Difference between half-maximum and centroid range correction vs. inci-
dence angle. The half-maximum range correction is the sum of Tables 9 
and 10. 
.2 NANOSECOND PULSE 
f'HI(DE(') 1/2 MAX • CORRECTION (METERS) 
0.0 • 0177 * 2.0 .0198 * 4.0 .0325 * 
6.0 .0407 * 
8.0 .O~.:,:: * 10.0 .0450 * 
20.0 . 0427 * 
30.0 ,, 0395 * 
40.0 .0361 * 
50.0 .0369 * 
60.0 .0393 * 
70.0 .0355 * 
80.0 .0351 * 
90.0 .0292 * 
100.0 .0248 * 
5 NANOSECOND PULSE 
PH I IDEC;) 1/2 MAX. CORRECTION (METER S) 
0.0 . 0006 * 
10.0 .0051 * 20.0 .0059 * 30.0 .0062 * 40.0 .0059 * 50.0 .0063 * 60.0 .0061 * 70.0 .0046 
* 80.0 . 0035 
* 90 .0 .002(1 * 
100.0 .00 10 * 
20 NANOSECOND PULSE 
PHIIDEG) 1/2 MAX. CORRECTI ON (METERS) 
0.0 .0001 
* 10.0 .0012 
* 20.0 .0014 * 
30.0 .0014 
* 40.0 .0014 
* 50.0 .0015 * 
60.0 .0014 
* 70.0 .0011 
* 80.0 .0008 
* 90.0 .0005 * 
100.0 .0002 * 
58 
Table 11. Difference between half-area and centroid r ~ correction VB. incidence 
angle. The half-area range correction is th .. Bum of Tables 9 and 11. 
. 2 NANOSECOND PULS~ 
PHI (DE C,) 1/2 AREA CORRECTION (MI:TE RS ) 
0.0 0.0000 * 




* 8.0 .0118 
* 10.0 .0137 
* 20.0 .0172 
* 30.0 .0 ltl2 
* 40.0 .0181 
* 50.0 .0191 
* 60.0 .0180 
* 70.0 .0135 
* 80.0 .0090 
* 90.0 
.0035 * 
100.0 0.0000 * 
5 NANOSECOND PULSE 
PH I (DEC,) 1/2 A~EA CCRRECTION (METERS) 
0.0 0.0000 it 
10.0 .0002 
* 20.0 .0004 it 
30.0 .0005 
* 40.0 .0005 
* 50.0 .0005 
* 60.0 .0005 
* 70.0 .0003 
* 80.0 .0001 it 
90.0 .0001 
* 100.0 0.0000 * 
20 NANOSECOt:D PULSE 
~HI(DEG) 1/2 AREA CORRECTI UN (MHERS) 




* 30 .0 
-.0001 
* 40.0 -.0001 
* 50.0 -.0001 
* 60.0 
-.0001 * 
70.0 -.0001 it 
80.0 - . 0001 
* 90.0 





Table 12. Centroid range correction vs. velocity aberration. The average and rms fluctuations are computed 
around a circle in the far field whose radius is the velocity aberration listed, in microradians, in 
the first column. 
, 
" 
PH, 0 DJHEDRAI.. ANGLE 2.00 WAVELENG~H 5300 b, PH' 5 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300 I 
~C l~ AVERAGE MANGE CORRECJ ION (HEIERS, AVERAGE RANGE CORRECTION (METERS, 0 1. 3041 • 0 1.3125 • #fil , le3041 · • 5 1.3126 • 10 1,3041 • 10 1.3128 • I' 1.3041 • .. 1.3131 • -' --l~ zo 1.3041 • ZO l.. 3132 • Z, 1.3041 • 25 1.3131 • )0 1.3041 • 30 1.3127 • fJ " 1.3041 • .. 1.1123 • 40 1.3041 • '0 :'.3123 • 
- $ ., 1.3041 • '5 1.3131 • .0 1.3041 • 50 1.3143 • 
R. M.S. FLUCTUATION R.M,S. FLUCTUATION 
0 0,0000 .. 0 0.0000 .. 
• ~ DOOO • 5 .0002 • 10 .0000 .. 10 .0010 .. 
l ~ .0000 .. .. .0021 • 
C7l 
;'0 ,ooce • 20 ,0033 .. 
2, .0000 .. 25 ,0044 ft Q )0 .0000 .. 30 .0050 • .. 00000 • 35 .0052 • 
.0 ,DODO .. '0 .0051 • 
•• ,DODO • ., ,0046 • 
'0 ,DODO • 50 .0042 • 
e. PHI 10 DIHEDRAL ANGLE 2.00 WAVELEMGlTH 5300 d, PHI 15 DIHEDf;Al ANGLE 2,00 WAVELENGTH 5300 
AVERAGE RANGE CORRECTION ("ETERS, AVERAGE RANGE CORRECTION (METERS, 
0 1.3342 • 0 1.3551 • 
• 1.3345 • • 1-3561 • 10 1-3350 • 10 1.3565 • 15 1-3352 • 15 1.3564 • 20 1.33~9 • 20 1.3565 • 2! 1.3J~6 • 25 1.3573 • 30 1.3151 • 30 1.3593 • ., 1.3:161 • 35 1.3611 • 40 1 .. 3316 • 40 1.3630 • 45 1.:n" • 45 1.3625 • ,. 1-3400 • '0 1.360, • 
R.M.S. FLUCTUATION R.M.S. fLUCTUATION 
0 0.0000 • 0 0.0000 • 
• .0001 • 5 .0014 • 10 .0030 • 10 .0054 • I, 
.005, • 15 .0092 • 
_1 -zo • 0014 • z • .0101 • 25 .0091 • 25 .0101 • 





40 .(\094 • '0 .0108 • 
., 
.0091 • '5 .0112 • 
'0 .0093 • 50 .0122 • 
-~ 
Table 12. (Cont. ) 
•• PHI z·· DIHEDRAL ANGLE z.OD WAVELENGTH 5300 r, PHI 
" 
DIHEDRAL. ANGLE 2.00 WAVELENGTH 5300 
AVERAGE RANGE (DAREeTION ,METERS) AVERAGE RANGE CORRECTION (HETEkS, 
~~ 0 1.'614 • 0 1.3516 • • 1.3,09 • • 1.35l7 • ~~ 10 1,3606 • 10 1.3464 • 15 1.3631 • I. 1,3557 • ~~ zo 1.3664 • 20 1,3'50 • Z. 1.368~ • Z. 1.3687 • 30 1.3707 • '0 1.3703 • 
\~ •• l.lTZl • " 1.3709 • 40 1.3730 • 40 1.3712 • •• 1.3716 • •• 1.3712 • '0 1.3694 • '0 1.3707 • R.H.S. FLUCTUATION R.M.S. FLUCTUATION 0 0.0000 • 0 0.0000 • 
• .:>020 • • .00Z5 • 10 ,0081 • 10 .. 0091 • I. .0111 • I. ,0107 • zo ,0114 • ZO ,0100 • Z. ,0109 • Z. ,0099 • 
'0 .0117 • '0 .0116 • 
0> 35 ,0126 • .. ,0137 • 
... '0 ,012a • 40 ,0134 • 
•• .0129 • 4, .Oliit • 
'0 , 0130 • .0 .0099 • 
.' 
PHI .0 DIHEDRAL ANGLE 2 .00 WAVELENGTH 5300 h, PHI .. DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
AvERAGE RANGE CORRE CTION ,MElERS) AVERAGE RANGE CORRECTION (HETE~') 
0 1,3451 • 0 1.3227 • 
• 1.311" • • 1.3030 • 10 1.3154 • 10 1.2722 • 15 1.3333 • I • hZ986 • 20 1.3514 • ZO 1.3249 • Z. 1."1') • Z. 1.3328 • 
.0 1.358" • .0 1-3364 • .. 1.3600 • .. 1.3407 • 40 1.3619 • 40 1.3437 • 
•• 1.hZe • .. 1.3436 • 
'0 1.3622 • '0 1.3418 • 
A.H.S. FLUCTUATION R.H.S. FLUCTUATJON 
0 0.0000 • 0 0.0000 • 
• . 0031 • • .0033 • 10 .0068 • 10 .0130 • I. .00'1 • I. .0039 • 20 .0074 • zo .00b? • Z. .0080 • 2' .0071 • 
'0 .0101 • '0 .0072 • .. .0114 • .. .0070 • 40 .0102 • '0 . 0064 • 
•• .0013 • 4, , 0063 • 





Table 12. (Cont.) 
h PHI •• DIHEDRAL ANGLE 2,00 ~AVELENGTH 5300 j , 'HI .. DIHEDRAL A.N~lE 2 . 00 _"VELEHCiTH 5300 
AVERAGE RANGE CORReCTION '"ETEAS) AVERAGE RANGE CORRECTION ("[lEkS) 
• 1.Z9Z' • • 1.2570 • 5 1.26'. • 5 1 .. 231t1 • I. leZ275 • I. 1.1811 • 15 1,2,,, • 15 1.2113 • 2. 1.2171 • 2. 1.2424 • 2, 1.2962 • 25 1.2509 • 
•• 1,3031 • 3. 1,2599 • 35 1,310, • 35 1. 2683 • 
•• 1.3112 • •• 1.2708 • ., 1.1126 • '5 1,2699 • ,. I.JU, • •• 1.2694 • 
A.M.S. fLUCTUATION A.M.S. FLUCTUATION 
• 0.0000 • • 0.0000 • ,
.OOJZ • 5 . 0031 • 
I. .0172 • I. .OUI • 15 .0049 .. 15 .0076 • 2. ,007, • 2. ,ooaz • 25 .0012 • 2, ,0082 • 
•• .0059 • 3. .0066 • 0> 35 .0050 • 35 .0051 • ... 4. .0051 • •• .OOU • ., 
.00" • .. .0056 • ,. 
.00', • ,. .0060 • L-
'" 
P~I 5. DIHEDRAL ANGLE 2.00 IIrAVELEHGTH 5300 h PHI 55 DIHEDRAL ANGLE l.DO _,.,VELENGTH 5300 
AVERAGE RANGE CORA~CTIOH '"ETERS) AVERAGE RANGE CORRECTlON '"ETERS, 
• 1,204' • • 1.1412 • , 1.1153 • 5 1.121t9 • ~~ I. 1.11t1'7 • I. 1.0985 • 
-
.t1 ' . 15 1.1694 • 15 1.1196 • 2. 1.1911' • 20 1.U" • ~ ., 25 1.1992 • 2' 1.U98 • \ ... 3. 1.Z05, • 3. 1.1It30 • .i:-~ .!~, 35 1.2 1"1 • 35 1.1490 • , 4. 1.2113 • •• 1.1530 • ., 
' 1.2163 • •• 1.1532 • , ,. 1.2149 • 5. 1.1512 • 
"II". 
A.M.S, FLUCTUATIOH A.M.S. FLUCTyATI0H ~ 
0 0.0000 • • 0.0000 • , ,0026 • ,
.0028 • 
I. ,00'6 • I. .006, • 
" 
,005) • 15 .0069 • 2. .OOIl • ." r 2. .001l • 25 .0016 • 25 ,0088 • 
'0 .Oon • 3. .0095 • 35 ,0060 • 35 ,0086 • 
•• ,0057 • '0 .00b8 • .,





Table 12. (Cont. ) 
" .. PHI •• DIHEDRAL ANGLE 2.00 "AVE.,.t:HGTH 5300 
D, PHI • DIHEDRAL ANGLE 2 .00 wAVELENGTH 6943 
AVERAGE ,RANGE CORR ECT ION '"ElEkS, AvEAAG~ RANGE (ORRECTION IHEl EkS) 
• 1.0612 • • 1.3043 • 
• 1.0"2 • 5 1.304) • I . 1.0425 • I. 1.3043 • 
15 le0553 • 15 1.304) • 2. le06f.O • 2. 1.1043 • 
Z5 1. 01211 • 25 1.3043 • 
•• 1.0131 • •• 1.304) • .. 1.0159 • 35 1.3043 • 
•• 1-0785 • •• 1.3043 • 
•• 1.0196 • '5 1.3043 • 
•• leOl81 • 5. 1.304] • 
R.M.S. FLUCTUATION R.M . S. FLUCTuATIOh 
• 0.0000 " • 0.0000 • 
• .0021 • • .0000 " I. .0010 • I. .0000 " 15 ,0081 • 15 .0000 " 2. .gOU • >. .0000 • 
2' ,De"" • 25 .0000 " 
•• . O~Ij.\ • •• 
,DODO • 
'" 
.. .00Yl • .. ,DODO • co 
•• .00" • •• ~OO(iO • 
•• .001" • •• ,DODO • 
•• .0101 • 
5. .0000 • 
0; , PHI 5 DIHEDRAL ANGLE 2 .00 WAVELENGTH 6943 p. PHI I. DIHEDRAL ANGLE 2.00 WAVE.L.ENGTH 6~43 
AVERAGE RANGE (DRRf ell eN ("ElEkS, AVERAGE RANGE CORRECTION U4ETERS, 
• 1.3ll4 • 0 1.3437 • 
• 1.3173 • 5 1.3"36 • 10 le3171 • I. 1.3434 • 15 1.3161 • 15 1.3431 • 2. 1.3164 • 2. 1.3425 • Z5 1.3159 • 25 1.3417 • 
•• 1.3155 • 3. 1 . 3404 • 35 1.314' • 35 1.3389 • 
•• 1.311t1 • '0 1 .3376 • 
'5 1.3132 • 45 1.3367 • 50 1.3123 • •• 1.3363 • 
R.M.S. FLUCTUATION A.M.S. FLUCTUATIOh 
0 0.0000 • • 0 .0000 • 5 . 0000 • 5 .0001 • 
10 .0002 • 10 . 0 006 • 
15 .0004 • 15 .00 15 • 
2. .0009 • 2. .0028 • 
Z5 .0015 • 2, .0044 • 
•• .0022 .. •• .0059 • 35 .0030 • 35 .0071 • 40 .0031 • '0 . 0076 • 
.5 .0041 .. '5 .0076 • ,. 
.0043 • '0 .0076 • 
t ~ i" 
., 
L 
Table 12. (Cont.) 
•• PHI 15 DIHEDRAL ANGLE 2.00 ~"VELEHGTH 6943 .. PHI 2. DIHEDRAL ANGLE 2.00 wAVELENGTH 6943 
AVERAGE , RANGE CORRECTION (METEAS, AvERAGE RANGE CORRECTION ("[lEkS) 
• 1.)6~5 • • 1.37.-6 • 
• 1,3654 • 
, 1.3142 • ,. 1.3652 • I. 1.3133 • 15 1-3648 • 15 1.3120 • ,. 1.3639 • 2. 1.3707 • 25 1,3625 • 25 le310Z • 
•• 1.3612 • •• 1.:n05 • ; 35 1.360) • 35 1,3107 • L-
•• 1.3,00 • .. 1.370, • , 
•• 1.3402 • •• 1.3713 • 
•• 1.1608 • •• 1.3715 • 
R.M.S. FLUCTUA TJON R.H.S. FLUCTUATION 
• 0.0000 .. • 0.0000 • J • .0002 • , .000) • L ,. ,0011 .. ,. .0013 .. 15 .0021 .. 15 .0037 • 2. .0052 • 2. ,0075 • :. .0075 • 2, ,0101 • 
•• ,0088 • •• ,0102 • 
'" 
35 .oon • 35 ,0091 • ~
•• ,0081 • •• ,0082 • ., ,0017 • •• ,0082 • 
•• .0077 • ,. .0086 • 
., PHI 2. DIHEDAAL ANGl.E 2.00 WAVELENGTH 691t3 t, PHI •• DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 
AVERAGE RANGE CORRECTION ("[lEkS, AVERAGE R~NGE COR~ECTJON (METERS) 
• 1.3123 • • 1.'58, • 
• 1.310, • , 1.3556 • Iii I. 1,367, • 1. 1.3493 • 15 1.3647 • 15 1.3442 • 2. 1.1641 • 2. 1.348, • 25 1.1"3 • 2. 1.1573 • 
•• 1.3714 • •• 1.3621 • 35 1.3724 • 35 1.3640 • 4. 1.3121 • 4. 1.3630 • .. 1.3713 • ., 1.3613 • 
•• 1.37(U • ,. 1.3600 • 
A.M.S. FLUCTuATION R.M.S. FLUCTUAT~ON 
• 0.0000 • • 0.0000 • 
• ,ooo~ • 5 .0005 II I. .0018 • I. .0022 • 
15 .0050 • 15 ,0053 • 2. .008' • 2. .0067 • 2. .0095 • 2. .0067 • 
•• ,0081 • •• .00&0 • l ~ 35 .007' • 35 .0055 • ~ 
•• .0076 • 4. .0061 • ., 
.0087 • •• .0078 • ,. 
.0100 • ,. .0086 • 
'--
~C!~ } ,~ 
Table 12. (Cont. ) 
u, PHI 3S DIHEDR AL ANC,lE 2.00 WAVELENGTH 6943 v, PHI '0 DIHEDRAL ANGLE 2 .00 WAVELENGTH 6943 
AVERAGE RANGE CORRECTION IMETERSJ AvERAGE RANGE CORRECTION IMfTERS, 
0 .. :n35 • 0 1.2980 • 
• 1.3287 • 5 1,2914 • 10 1. 3185 • 10 1.2777 • IS 1.3129 • I. le2732 • 20 1.3233 • 20 1.2903 • 25 1.3362 • 2S 1.3051 • 30 1.3423 • 3. 1.3102 • .. 1.3432 • 3S 1.3104 • 4. 1.3421 • •• 1,3101 • 
L 45 1,3414 • '5 1.3110 • 50 1.3411 • 5. 1 . 3122 • A.".5. FLUCTUATION R.M.S. FLUCTUATION • O.OODO .. • 0 ,0000. 5 ,DOOl .. 5 .000e • I. ,0021 • I. .'>027 • I IS .0039 • 15 ,l'Oll • 2. .00Z6 • 20 .011:0; • 25 . DDItO .. 25 ,0032 • 
'. • 0045 .. 
3. ,0047 • L '" ., .004) * 3S ,0048 .. C11 4. ,0049 .. 4. .005" • ., ,0059 • 45 ,0065 • ,. .0062 • SO ,0066 • 
.. , PH I '5 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 .. ":.1 50 DIHEDRAL ANGLE 2 .00 WAVELENGTH 6943 
AVERAGE RA NGE CORRECTION U4ETER5, AVERAGE RANGE CORRECTION IMETERS . 
• I.Z561 • • 1 ,2042 • I 5 1.2492 • 5 1. 1986 • L-I. hZ342 • I • 1.1861 • IS 1.2295 • Is 1.1834 • 2. 1.2486 • 2. 1.1992 • 2S 1.2633 • 25 1. : 115 • 
•• 1.2612 • 3. 1.2144 • 35 1.2600 • 35 1.2130 • 40 1.2666 • 4. 1.2120 • i 45 1.268' • 45 1 . 2131 • ,. 1.2104 • 5. 1.2160 • ~ 
M.M.S. FLUCT~ATION R.M.S. FLUCTUAT ION 
• '0.0000 • • 0.0000 • 5 • 0007 • 5 .0001 • 
I. .0014 • I . . 0013 • 
IS .0063 • 15 . 0029 • 20 .0031 • 2. .0039 • t-25 .0044 • 25 .0056 • •• .0060 • ,. . 0065 • 35 .0064 • 35 .0011 • 4. .0012 • 4. .0080 • 
'5 .0010 • 45 .0088 • 5. .0071 • •• .0089 • 
, 
L ~---
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Table 13. Sample centroid range-correction matrices. The angles 91 and 92, in 
microradians, are defined in Figure 8. Only half the matrix is presented 
since the value for (91,92) equals that for (-9 h -92). 
Q: PHI 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
92 RANGE CORRECTION (METER S) 
50 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
45 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
40 1.304 1.304 1.304 1.304 1.304 1 .304 1,304 1.304 1.304 1.304 1.304 
35 1.304 1.304 1.304 1. 304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
30 1.304 1.304 1 .304 1.304 1.304 1.304 1. 304 1.304 1.304 1.304 1.304 
25 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1 .304 1.304 
20 1.304 1.304 1.304 1.304 1. 30 4 1.304 1.304 1.304 1.304 1.30/• 1.304 
15 1.304 1.304 1.304 1.304 1. 304 1.304 1.304 1.304 1.304 1.304 1.304 
10 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
5 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
0 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.3G4 1.304 1.304 1.304 
-5 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1. 304 1.304 1.304 
-10 1.304 1. 304 1.304 1.304 1.304 1.:'04 1.304 1.304 1.304 1.304 1.304 
-15 1.304 1. 304 1.304 1.304 1.304 1.3C4 1.304 1.304 1.304 1.304 1.304 
-20 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-25 1.304 1.304 1.30': 1.304 1.304 1.304 1.304 1.304 1. 304 1.304 1.304 
-30 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1 . 304 1.304 1.304 
-35 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-~o 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-45 1.30<, 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-50 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
0 5 10 15 20 25 30 35 40 45 50 9 1 
b: PHI 25 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
92 RANGE CORRECTION (METEI<S) 
50 1.362 1.362 1.362 1.362 1.363 1.364 1 . 367 1.368 1.369 1.369 1.368 
45 1.360 1.360 1.360 1.361 1.363 1.365 1. 368 1.371 1.373 1.373 1.372 
40 1.357 1.357 1.358 1.359 1.362 1. 366 1.370 1.373 1.376 1.377 1.377 
35 1 . 357 i.355 1.356 1.358 1.362 1.367 1.371 1.375 1.377 1.380 1.381 
30 1.357 1.355 1.355 1.358 1.364 1.370 1.374 1.377 1.379 1.382 1.384 
25 1.356 1.353 1.355 1.360 1.367 1.373 1.377 1.380 1.382 1.384 1.385 
20 1.350 1.349 1.355 1.364 1.371 1.377 1.382 1.385 1.386 1.386 1.386 
15 1.337 1.343 1.356 1.368 1.375 1.381 1.386 1.390 1.391 1.390 1.388 
10 1.333 1.345 1.359 1.371 1.379 1.384 1.390 1.394 1.395 1.393 1.389 
5 1.351 1.355 1.360 1. 371 1.379 1.384 1.391 1.396 1.396 1.393 1.389 
0 1.358 1.355 1.356 1.368 1.377 1.382 1.389 1.394 1.394 1.390 1.386 
-5 1.351 1.343 1.348 1.367 1.376 1.379 1.384 1.3B9 1.389 1.385 1.380 
-10 1.333 1.331 1.35l 1. 369 1.374 1.375 1.379 1.382 1.381 1.377 1.373 
-15 1.337 1.347 1.361 1. 369 1.311 1.370 1.373 1.315 1.373 1.369 1.367 
-20 1.350 1.357 1.364 1.367 1.367 1.366 1.368 1.369 1 .366 1.363 1.362 
-25 1.356 1.360 1. 363 1.364 1.363 1.363 1.365 1.364 1.361 1.359 1.360 
-30 1.357 1 . 360 1.360 1.359 1.359 1.362 1.364 1.363 1.359 1.358 1.357 
-35 1 . 357 1.357 1.357 1 . 357 1. 360 1.364 1.365 1.362 1.358 1.356 1.353 
.40 1.357 1.357 1.358 1 . 360 1.364 1.3~7 1.367 1.363 1.358 1.355 1.350 
-45 1.360 1.360 1.361 1.364 1.368 1.369 1.367 1.363 1.358 1.355 1.349 
-50 1.362 1.363 1.365 1.367 1 .369 1.369 1.367 1.363 1.359 1.355 1.350 
0 5 10 15 20 25 30 35 40 45 50 8 1 
67 
Table 13. (Cont.) 
c: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENC,TH :;300 
92 RANGE CORRECTICN (METEHS) 
50 1.270 1.267 1.266 1.264 1.263 1.262 1.258 1.250 1. 239 1.228 1.221 
45 1.269 1.267 1.265 1.263 1.262 1.261 1.260 1.255 1.246 1 . 237 1.231 
40 1.268 1.266 1.264 1.262 1.260 1.258 1.258 1'.256 1.252 1. 246 1 .242 
35 1.262 1.262 1.264 1.265 1.263 1.260 1.257 1.257 1.256 1.254 1 .253 
30 1.250 1.254 1.261 l.l65 1.266 1.263 1.261 1.261 1.261 1.260 1.260 
25 1.240 1.245 1.253 1.259 1.261 I.Zbl 1.264 1.267 1.268 1.266 1.265 
20 1.239 1.241 1.244 1.247 1.249 1.2~4 1.264 1.272 1.274 1.272 1.267 
15 1.223 1.225 1.231 1.236 1.238 1.245 1.263 1.274 1.277 1.274 1.269 
10 1.192 1.189 1.196 1.,23 1.238 1.248 1.264 1.275 1.277 1.274 1.270 
5 1.239 1.221 1.162 1.206 1.250 1.262 1.270 1.276 1.276 1.273 1.271 
0 1.257 1.242 1.166 1.207 1.260 I.U8 1.272 1.275 1.274 1.271 1.272 
-5 1.239 1.218 1.139 1 . 227 1.260 1.265 1.268 1.272 1.272 1.271 1.273 
-10 1.192 1.180 1.199 1 . 242 1.256 1.2,8 1.264 1.270 1.272 1.272 1.273 
-15 1.223 1.226 1.237 1. 248 1.253 1.258 1.266 1.273 1.275 1.273 1.271 
-20 1.239 1.241 1.246 1.254 1.261 1.267 1.274 1.271 1.276 1.273 1 . 268 
-25 1.240 1.243 1.253 1.266 1.273 1.276 1.277 1.278 1.275 1.270 1.266 
-30 1.250 1.255 1.265 1.274 1.277 1.276 1.276 1.275 1.273 1.269 1.266 
-35 1.262 1.266 1.271 1.275 1.275 1.273 1.273 1.274 1.273 1.270 1.267 
-40 1.268 1.270 1.272 1.273 1.273 1.273 1.276 1.278 1.276 1.271 1.266 
-45 1.269 1.271 1.273 1.274 1.276 1.279 1.281 l.l80 1.276 1.268 1.26 2 
-50 1.270 1.272 1.275 1.278 1.280 1.2d2 1.281 1.276 1.268 1.259 1.254 
0 5 10 15 20 25 30 35 40 45 50 8 1 
d: PHI 60 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
82 RA~GE CORRECTION (METE~S) 
50 1.074 1.073 l.un 1.072 1.072 1.072 1.072 1.069 1.060 1.046 1.031 
45 1.069 1.069 1.071 1.073 1.075 1.075 1.014 1.070 1.063 1.053 1.041 
40 1.062 1.065 1.070 1.075 1.078 1.078 1.076 1.072 1.065 1.058 1.051 
35 1.059 1.065 1.072 1.076 1.078 1.079 1.077 1.072 1.066 1.060 1.056 
30 1.062 1.070 1.075 1.078 1.079 1.077 1.076 1.072 1.065 1.060 1.057 
25 1.066 1.0"/4 1.079 1.078 1.075 1.073 1.073 1.071 1.065 1.058 1.056 
20 1.062 1.072 1.077 1.077 1.071 1.067 1.068 1.070 1.066 1,,060 1.056 
15 1.043 1.056 1.067 1.071 1.068 1.063 1.066 1.072 1.072 1.067 1.062 
10 1.035 1.031 1.047 1.064 1.068 1.066 1.070 1.078 1.080 1.077 1.071 
5 1.059 1.042 1.036 1.061 1.072 1.074 1.079 1.086 1.087 1.083 1.078 
0 1.068 1.058 1.046 1.066 1.078 1.082 1.086 1.091 1.09, 1.087 1.083 
-5 1.059 1.056 1.055 1.073 1.083 1.086 1.090 1.093 1 . 093 1.090 1.086 
-10 1.035 1.040 1.057 1.075 1.083 1.0&6 1.090 1.092 1.093 1.091 1.088 
-15 1.043 1.041 1.057 1.073 1.080 1.064 1.087 1.090 1.091 1.091 1.090 
-20 1.062 1.054 1.057 1.068 1.077 1.081 1.084 1.067 1.090 1.091 1.091 
-25 1.066 1.058 1.057 1.066 1.075 1.080 1.083 1.086 1.089 1.092 1.092 
-30 1.062 1.057 1.01>0 1.069 1.078 1.0b3 1.085 1.088 1.090 1.092 1.092 
-35 1.059 1.059 1.065 1.075 1.084 1.068 1.090 1.091 1.093 \.094 1.093 
-40 1.062 1.065 1.071 1.080 1.088 1.092 1.093 1.095 1.096 1.095 1.094 
-45 1.069 1.071 1.075 1.081 1.088 1.092 1.094 1.096 1.097 1.096 1.094 
-50 1.074 1.074 1.074 1.078 1.083 1.0L7 1.090 1.094 1.096 1.096 1.093 
0 5 10 15 20 25 30 35 40 45 50 9 1 
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Table 13. (Cant.) 
e: PHI 0 DIHEDRAL ANGLE 2.00 WAV ELFNGTH 6943 
92 RANGE CORRECTION (METERS) 
50 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
45 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
40 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
35 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
30 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
25 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
20 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1 .304 
15 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
10 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.3114 1.304 1.304 1.304 
5 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1 .304 1.304 1.304 
0 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1. 304 
-5 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-10 1.304 1.304 1.304 1.304 1.304 1.:'C4 1.304 1.304 1.304 1.304 1.304 
- 15 1.304 1.304 1.304 1.304 1.304 10304 1.304 1.304 1.304 1.304 1.304 
-20 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1. 304 
-25 1.304 1.304 1.304 1 .304 1.304 1.304 1.304 1.304 1.304 1.304 1 .304 
-30 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-35 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-40 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-45 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
-50 1 .304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 1.304 
0 5 10 15 20 25 30 35 40 45 50 91 
f: PHI 25 DI HEDRAL ANGLE 2.ClO WAVELENGTH 6<J43 
92 
RANGE CORR ECTICN (METERS) 
50 1.361 1.360 1. 359 1.361 1.363 1.365 1.368 1.370 1.370 1.371 1.370 
45 1.361 1.360 1.360 1.362 1.364 1.367 1.369 1.371 1.372 1.372 1.370 
40 1.361 1. 360 1.361 1.364 1.367 1.369 1.371 1.373 1.374 1.373 1 .371 
35 1.359 1 . 3 59 1.361 1.365 1.369 1.372 1.374 1.376 1.376 1.376 1 .374 
30 1.356 1.357 1.362 1.367 1.372 1.376 1.377 1.378 1.379 1.379 1.377 
25 1.351 1.355 1.362 1.370 1.375 1.379 1.380 1.381 1.382 1.382 1.381 
20 1.351 1.357 1.365 1.372 1.378 1.3S1 1.383 1.383 1.384 1.385 1.384 
15 1.359 1.363 1.368 1.373 1.379 1.382 1.383 1.384 1.385 1.387 1.387 
10 1.367 l.369 1.370 1.373 1.377 1.381 1.382 1.3&3 1.385 1.387 1.389 
5 1.371 1.371 1.370 1.371 1.375 1.379 1.330 1.381 1.383 1. 386 1.388 
0 1.372 1.371 1.369 1.369 1.372 1.377 1.379 1.379 1.380 1.384 1.386 
-5 1.371 1.369 1.366 1.366 1.371 1.376 1.378 1.377 1.377 1.380 1.382 
- 10 1.367 1.364 1.361 1.364 1 .371 1.377 10377 1.376 1.375 1.376 1.377 
-15 1.359 1.355 1.355 1.363 1.372 1.377 1.377 1.374 1.372 1.372 1.371 
-20 1.351 1.349 1.355 1.365 1.372 1. 375 1.374 1.371 1.368 1.367 1.365 
-25 1.351 1.353 1.359 1.367 1.371 1 .373 1.371 1.3bB 1.365 1.363 1.359 
-30 1.356 1.358 1.363 1.367 1.370 1.370 1.367 1.364 1.362 1.359 1.355 
-35 1.359 1.362 1.365 1.367 1.368 1.366 1.364 1.3bl 1.359 1.357 1.352 
-40 1.361 1.363 1.365 1.366 1.365 1.363 1.361 1. 3bO 1.359 1.357 1.352 
-45 1.361 1.363 1.364 1.364 1.362 1.361 1.360 1.361 1.361 1.358 1. 353 
-50 1. 361 1.362 1.362 1.362 1.361 1.361 1.362 1.364 1.364 1.36 1 1.35~ 
0 5 10 15 20 25 30 35 40 45 50 9 1 
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Table 13. (Cont. ) 
g: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 
82 
RANGE CORRECTIGN IMETER!;) 
50 1.266 1.266 1.267 1.269 1.270 1.268 1.263 1.257 1.250 1.243 1.237 
4 5 1.263 1.264 1.267 1.271 1.273 1.272 1.269 1.262 1.254 1.247 1.240 
40 1.260 1.261 1.265 1.269 1.272 1.272 1.270 1.264 1.258 1.251 1.244 
35 1.261 1.262 1.264 1.266 1.268 1.268 1.266 1.262 1.258 1.253 1.249 
30 1.264 1.263 1.263 1.263 1.263 1.262 1.260 1.257 1.255 1.254 1.253 
25 1.262 1.262 1.262 1.262 1.261 1.258 1.255 1.251 1.251 1 .254 1.257 
20 1.253 1.253 1.255 1.258 1.260 1.259 1.256 1.252 1.252 1.257 1.262 
15 1.236 1.237 1.241 1.250 1.258 1.262 1.261 1.259 1.260 1.265 1.269 
10 1.236 1.233 I.U7 1.235 1.253 1.265 1.269 1.269 1.271 1.275 1.217 
5 1.251 1.245 1.230 1.223 1.247 1.268 1.276 1.277 1.279 1.281 1.282 
0 1.256 1.251 1.233 1.218 1.246 1.271 1.279 1.2&1 1.282 1.283 1.283 
-5 1.251 1.245 1.228 1.220 1.252 1.274 1.279 1.280 1.279 1.280 1.280 
-10 1.236 1.231 1.224 1.237 1.262 1.274 1.276 1.275 1.274 1.274 1.275 
-15 1.236 1.237 1.243 1.256 1.267 1.272 1.271 1.268 1.267 1.268 1.269 
-20 1.253 1.255 1.259 1.264 1.268 1.268 1.266 1.263 1.262 1.265 1.267 
-25 1.262 1.263 1.264 1.266 1.267 1.2b7 1.265 1.264 1.264 1 .267 1.267 
-30 1.264 1.264 1.265 1.266 1.268 1.270 1.270 1.270 1.270 1.210 1.269 
-35 1.261 1.262 1.264 1.269 1.273 1.276 1.217 1.276 1.274 1.271 1.268 
-40 1.260 1.262 1.267 1.273 1.279 1.201 1.281 1.278 1.274 1.269 1.264 
-45 1.2!>3 1.265 1.211 1.277 1.281 1.2b2 1.280 1.27!· 1.270 1.264 1.260 
-50 1.266 1.269 1.273 1.276 1.278 1.278 1.275 1.26Q 1.264 1.261 1.256 
0 5 10 15 20 2~ 30 35 40 45 50 8 1 
h: PHI 60 DIHEDRAL ANuLE 2.00 WAVELENGTH 6943 
82 RANGE CORRECTION INETER!;) 
50 1.059 1.062 1.06b 1.074 1.078 1.0a l 1 .0al 1.0bO 1.076 1.068 1.055 
45 1.065 1.068 1.013 1.077 1.080 1.0.1 1.080 1.078 1.074 1.066 1.053 
40 1.070 1.074 1.077 1.080 1.081 1.080 1.078 1.075 1.071 1.063 1.050 
35 1.073 1.076 1.080 1.082 1.082 1.079 1.075 1.070 1.065 1.059 1.049 
30 1.073 1.075 1.079 1.081 1.081 1.077 1.071 1.065 1.060 1.056 1.050 
25 1.067 1.069 1.012 1.076 1.078 1.076 1.070 1.063 1.058 1.057 1.055 
20 1.059 1.057 1.062 1.069 1.074 1.075 1.072 1.065 1.06 1 1.061 1.063 
15 1.061 1.055 1.055 1.063 1.072 1.076 1.075 1.071 1.067 1.068 1.070 
10 1.070 1.0&4 1.058 1.062 1.071 1.078 1.079 1.076 1.074 1.075 1.017 
5 1.077 1.072 1.0b6 1.065 1.074 1.0Ul 1.083 1.081 1.080 1.081 1.082 
0 1.078 1.076 1.071 1.070 1.077 1.084 1.086 1.0b5 1.084 1.085 1.086 
-5 1.077 1.076 1.013 1.074 1.081 1.007 1.089 1.089 1.088 1.08'1 1.090 
-10 1.070 1.072 1.073 1.078 1.085 1.090 1.092 1.091 1.091 1.091 1.091 
-15 1.061 1.066 1.072 1.080 1.087 1.092 1.093 1.092 1.092 1.092 1.092 
-20 1.059 1.065 1.013 1.081 1.088 1.092 1.093 1.092 1.091 1.091 1.092 
-25 1.067 1. 069 1.015 1.081 1.087 1.090 1.091 1.090 1.090 1.090 1.090 
-30 1. 073 1 .072 1.075 1.060 1.084 1.008 1.089 1.089 1.089 1.088 1.089 
-35 1.073 1.072 1.073 1.076 1.081 1.0b5 1.088 1.069 1.088 1.087 1.087 
-40 1.070 1.068 1.069 1.072 1.078 1.084 1.068 1.090 1.089 1.088 1.087 
-45 1.065 1.063 1.064 1.069 1.076 1.0b4 1.090 1.092 1.092 1.090 1.087 
-50 1.059 1.058 1.061 1.067 1.076 1.0d5 1.092 1.095 1.094 1.092 1.088 







Figure 11. Contour plots of the centroid range-correction matrices given in Table t3. Circles of radius 25 and 
50 fJTad are shown to mark the minimum and maximum values of the velocity aberration. On the 
plots, the symbol B indicates that the range correction minus the average range correction in the 
25- to 50-flrad annulus is equal to +2 cm; A equals +1 cm; 0 equals 0 cm; and 1 through 8 equal -1 
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9. EFFECT OF OPTICAL COHERENCE 
Because of coherent interference between the reflect .;",s from individual cube 
corners, the strength and shape of the laser echo from the Geos 3 array vary from 
pulse to pulse. This section contains data on th.,1 variations of the range correction 
due to coherent interference. A special set of calculations has been done to investigate 
the relationship between the incoherent range correction and the average of the coherent 
range corrections for different types of detection methods and different transmitted 
pulse lengths. Some sample pulse shapes are presented for both the coherent and the 
incoherent case. 
Table 14 lists the coherent variation of the centroid range correction as a function 
of the incidence angle <1>. Each value is the rms variation of a set of 100 coherent 
returns. In Table 14a, each return has equal weigi,t, while in Table 14b, each return 
is weighted by the ratio of the strength of the return to the strength of an incoherent 
return. This type of weighting reduces the rms deviation because of the fact that 
weaker pulses tend to have larger variations in centroid than do stronger pulses. In 
general, the fluctuation of the range correction decreases as the pulse length decreases. 
Since each rms deviation is computed from a limited number o~ coherent returns, the 
results should be considered as only an indication of the magnitude of tne effect . 
The range corrections given in Section 8 are all for the incoherent case. In the 
mathematical model used to calculate the transfer function, the incoherent centroid 
range correction is equal to the average of the coherent centroid range corrections 
when each pulse is weighted by its intensity. It is not ojJ'l.ious from the model what to 
expect for different weightings or for detection methods other than centroid detection. 
A series of computer runs has been done with a large number of coherent returns to 
see how big the differences are for Geos 3, and the results are presented in Table 15. 
The runs were made at an incidence angle of 45 0 with respect to the symmetry axis of 
the satellite. The table lists the coherent average minus the incoherent value (~), 
the standard deviation of an individual pulse (0), the number of coherent returns in the 
77 
J 
Table 14. Root-mean-square deviation of centroid range correction due to coherent 
interference vs. incidence angle. a: All pulses have equal weight. b: Each 
pulse is weighted by the ratio of the strength of the pulse to the strelljtth of 
In ..;.erage (or incoherent) pulse. 
!: Equal weighting 
.2 NS. EQUAL WE I GHTI NG 
PHI R.M.S. OEVIATION OF (DEC11 RANGE CORRECTION(METERS) 





30.0 .0189 .. 
40.0 
.0198 • 
50.0 .O18~ .. 
6uoO .0192 .. 
5. NS. EQUAl. ~£ I GHTI NG 
PHI R.M.S. DEVIATION OF (DEG) RANGE CORRECTION ("'HERS) 
0.0 .0259 .. 
10.0 .0636 
* 20.0 .0666 
* 30.0 .0718 
* 40.0 .05sa 
* ~O.O .0719 
* 60.0 
.0"79 • 
20 NS. EQUAL ~E I GIH IIlG 
PHI R.~.S. DEVIATION OF (CEG) RANGE CORRECTION(METE~S) 
0.0 .0268 
* 10.0 .0528 
* 20.0 ;.. :~: j 
* 30.0 .0861 
* 40.0 .0676 • ~O.O .0631 It 
60.0 .0790 
* 
ORIGINAL PAGE IS 
(IF POOR QUALITY 
78 
!?: Weighted by signal sh·ength 
.2 NS. WFIGHTED 
PHI R.M.S. DEVIATION OF 
<OEG) RANGE CORRECTION(METERS) 
0.0 .0086 .. 
10.0 .0187 .. 
20.0 .0181 .. 
30.0 .0166 .. 
40.0 .,)181 .. 
50.0 .0159 .. 
60.0 .0169 .. 
5. NS. WEIGHTED 
PHI R.M.S. DEVIATION OF (OEG) RANGE CORRECTION(METERS) 
0.0 .0104 .. 
10.0 .0364 .. 
20.0 .0354 .. 
30.0 .0434 
* 40.0 .0294 
* 50.0 .0414 
* 60.0 .0365 
* 
20. US. WEIGHTED 
PHI R.M.S. PEVIATION OF (DEG) RANGE CORRECTION (~IETERS) 
0.0 . 0121 
* 10.0 .0330 
* 20.0 .0324 
* 30.0 .0415 • 40.0 .0390 
* ~O.O .0325 It 
60.0 . 0 41 4 
* 
---------------.-.---~ . 
Table 15. Difference between the average rllL~e corr'lction for a set of coLe rent returns and the range 
correction for the iilcoherent return. The pulse length is i ,. : moseconds; t:., 0; and O'm are in 
millimeters. 
Pulse Pulse 
length Ii. 0' N 0' MUm m length A (J N O'm A/O'm 
!!:: Centroi!!, egual weighl!.!!g £: Centroid. weighted by signal strength 
0.2 -8.15 20.95 1000 0.61) -12.3 0.2 -0.68 17.51 1000 0. 55 -1.2 
1. 0 -9.56 35.89 1000 1.14 -8.4 1.0 -0.76 25.34 1000 0.80 -0.9 
2.0 -7.64 47.57 lJOO 1. 50 -5.1 2.0 -0.68 22.80 1000 : 04 -0.7 
3.0 -4.67 58.46 1000 j .tl5 -2.5 3.0 +0.83 34.19 1000 1.08 +0.8 
5.(j 
-2.34 70.06 1000 2.22 -1.1 5.0 +0.99 38.26 1000 1. 21 +0.8 
-J 5.0 0.45 fl5.23 leOO 2.06 +0.2 5.0 +0.80 36.59 1000 1.16 +0.7 
'" 
£: Half-maximum. equal weighting £: Half-maximum. weighted by signal strength 
0.2 -5.94 13. =\::; 300 0.78 -7.6 0.2 -4.25 10.39 300 0.60 -7.1 
5.0 -4.20 67.75 1096 2.()5 -2.1 5. 0 -2.44 33.59 1096 1.01 -2..4 
i 
20.0 -2.97 94.43 1100 2.85 -1.0 20.0 -2.37 36.62 1100 1.10 -2.1 I I 
I 
'--
~: Half-area. equal weighting f : Half-area, weighted by signal strengtll 
0.2 -10.32 22.80 300 1.32 -7.8 0.2 -3. 99 18.59 3(j0 1. 07 -3.7 
5.0 -2.87 68.32 1096 2.06 -1. 4 5.0 +0.17 36.3~ 1096 1. 10 0.2 
20.0 -2.53 92.28 llOO 2.78 -0.9 20.0 -1.76 37.46 1100 ~.13 -1. 6 
L 
, 
---,---------,--- .. - -~.-- ..... ..-.......~-- -.........,---~. 
Itt: v nr---.... 7f::t4:S' · t . 'pC %" . - tr It . 
,... -..... • . ' , _F i. "~c~~ ...... _---'_ 
sample (N), the standard deviation of the average (am = aNN), and the ratio of the 
difference t:. to the standard deviation of the mean (am)' The last column is a measure 
of the statistical Significance of t:.. In Table 15a, a statistically significant difference 
occurs between the coherent ave:.:age and the incoherent value of the centroid range 
'lorrection for short transmitted pulses; this difference decreases as the pulse length 
increases. The two runs for 5. 0 nsec indicate no statistically significant difference. 
Table 15b shows the same set of coherent returns weighted by sigra·. strength. For 
all pulse lengths, tht, bias in the coherent f!Verage is removed, in agreement with what 
should be expected from the model. In Table 15c, for half-maximum detection, the 
magnitude of the bias is smaller; this bias is not removed when the returns are weighted 
by !'lignal strength (Table 15d). For haU-area detection (Tables 15e and 15f), weighting 
seems to be somewhat more helpful but the bias still remains. The size of the bias in 
all cases is on the order of 1 cm or less. The data in T!oble 15 are probably typical of 
incidence angles from 10·to 60· or 70°. At </>= 0·, the distribution of reflectors along 
the line of sight is symmetrical, so there is nc mechanisIL for producing a bias. 
Sample pulse shapes for cj> = 0 ° and 45 ° are shown in Figure l2. In each case, 
the incoherent return is giYI'.l first, followed by one or mor;) coherent returns. When 
the transmitted pulse is much longer than the array, as is the case for 20 an"! 
5 nsec, the reflection has nearly tbe same gaussian shape as the incident pulse does. 
Only one coherent return is given in each case for these pulse leugths. The returns 
for 0.2 nsec tend to be irregularly shaped. Effects such as differences between the 
range correctifln for diffe!'ent types of detection systems and differenceR between the 
incoherent range correction and the average of the coherent range corrections seem 
to be associated with the pulse distortion that occurs when the pulse length is com-
parable to, or less than, the size of the array. 
The pOSition, in meters, listed in the first column of Figure 12 is measured with 
respect to the center of the pulse that would be :-eceived from a point reflector at the 
center of gravity of the satellite. The intensity in the second column is in normaliz6d 
units such that the area under the curve is equal to the signal strength in equivalent 
number of cube corners at normal incidence. 
80 
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Figure 12. Sample incohsrent and coherent reflected pulse shapes. The intensity is 
plotted vs. the distance along the line of Sight. 
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Figure 12. (Cont.) 
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:Figure 12. (Cont.) 
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10. ACCURACY OF THE RESULTS 
The cube-corner specifications give a tolerance on the cube-corner dihedral-
angle offset of Ot'5. In addition, manufacturing errors, material inhomogeneities, or 
thermal gradients could cause deviations from the perfect optical performance com-
puted by the transfer-function model used in this report. In order to estimate what 
the effect" of these imperfections might be, we have made a set of runs in which the 
dihedral-angle offset has been varied from It'5 to 2t'5. In addition to computing full 
gain and centroid range-correction matrices, the half-maximum and half-area range 
correction has been calculated at a few values of e 1 ana e 2' 
Table 16 lists the average gain and centroid range correction in the 25- to 50-lll'ad 
annulus as a function of dihedral-angle offset. The difference from the nominal 2t'0 
values is listed in the columns headed Again and A
range• In the last two rows, 
instead of having all the offsets the same, we have used an equal mixture of the 
dihedral-angle offset s . This is an attempt to simulate the fact that the actual cube 
corners have some distribution of offsets within the given tolerance (the last entry 
would not actually be allowed by the specifications, since it includes 3t'0 offsets). 
The computations were done for a 45 0 angle of incidence on the satellite; this angle 
shows fairly pronounced variations of the range correction with velocity aberration 
(see Table 12j) and thus probably represents a suitable worst-case situation, 
Table 16. Gain and centroid r ange correction VB. dihedral-angle offset. The incidence 
angle is 450 ; Agai!l and Arange are the differences between the gain or range 
and the value for 2\'0. 
A Again 
Centroid .'ange 
Arange Gai n correction (A) Ii ~<l07) (><107) (m) (m) 
5300 H'5 8.8817 +0.4571 1.2659 -0.0012 
5300 2.0 8.4246 0 1.2671 0 
5300 2.5 4.9797 -3.4449 1.2556 -0.0115 
6943 1.5 7.5060 +0.2621 1. 2660 -0.0016 
6943 2. 0 7.24~: 0 1. 2676 0 
6943 2.5 5. 1599 -2. 0840 J .2628 -0.0048 
.. 
5300 1.5, 2.0, 2. 5 7.5191 -0. 9055 ,.1.26 1 -0.0010 
". . . (, 





.... .....-. ~ 
·J 
Tables 17 to 20 and Figures 13 and 14 give the complete details for the cases 
summarized in Table 16. In Table 13, t!Je shift of the energy distribution from small 
to large values of velocity aberration as the dihedral-angle offset increases can be 
seen. Figure 13 illustrates the shift in more detail. The largest deviation of the cen-
troid range correction between 25 and 50 ID.-ad occurs in Table 20c for Ii = 2~'5 and 
• A. = 5300 A. At 25 fJI'ad, the average centroid range correction is 1.2089 m, which is 
5.8 cm less than the nominal centroid range correction of 1. 2671 m. Figure 14c 
shows that deviations of 8 cm o,~cur at some spots; this is, of course, an extremely 
unlikely situation. The variation of the range correction within the far-field pattern 
is reduced whe~ a mixture of offsets is used. For example, the deviation of the 
average centroid range correction at 25 fJI'ad for A. = 5300 A i s reduced from 1. cm 
for Ii = 2~'0 (Table 20b) to 0.5 cm for a mixture of dihedral angles whose average is 
2t'0 (Table 20g). The corresponding maximum centroid r ange deviation is reduced 
from almost 3 cm (Figure 14b) to a little over 1 cm (Figure 14g). Considering that it 
is unlikely that all the dihedral-angle offsets are 2~'5 and that some mixture of angles 
is certainly present, the maximum systematic error in the range correction is 
probably something be'ween the values of 3 and 1 cm in Figl'.res 14b and 14g. 
To estimate tee uncertainty in the range correction for other pulse-detection 
methods, we have pel"formed computations for selected points in the far field and for 
two different dihedral-angle offsets. The data in Table 21 were computed for 
A. = 5300 A, cj> = 45·, and a O. 2-nsec incident pulse. By using the reflectivity curve 
for A. = 5300 A in Figure 7, the total range corrections for the three pulse-detection 
methods are as follows: 
centroid = 1.2669 m 
half-maximum = 1.3030 m 
half-area = 1.2855 m 
The columns headed A give the difference between each value and the nominal values 
above. 
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Table 17. Gain-function matrices for various dihearal-angle offsets. The angles 91 
and 92, in microradians, are defined in Figure 8. Only half the matrix is 
presented since G(9 1.92) = G(-9 l' -92)' 
a : PHI 45 DIHEDRAL ANGLE 1.50 WAVELENGTH 5300 
82 (jAIN FU'NCT 10,; 11.E·7) 
50 2.BO 3.13 3,43 3.55 3.H 2.92 2.32 1.69 1.20 .93 .BO 
45 5.65 6.12 b.46 6.33 5.60 4. 60 3.65 2.75 1,91 1.32 1.02 
40 B.37 9.27 10.37 10.63 9.32 7.12 5.21 3.86 2.74 1.86 1.34 
35 9.36 lU.95 13,44 15.02 13.91 10.66 7.40 5.18 3.64 2.49 1.77 
30 11.24 12.89 15.3b 17 .19 16.40 13.06 9.29 6.49 4.50 3.03 2.13 
25 · 16.47 17.30 17.81 17.65 15.89 12.73 9.57 7.13 5.12 3.45 2.34 
20 19.52 19.92 19.46 17.83 14.81 11.29 8.68 7 .07 5,57 3.93 2.62 
15 15.01 15.81 lb.54 16.40 14.17 10.65 8.12 7.10 6.15 4.63 3.12 
10 10.92 10.99 11.0~ 12.55 12.88 10.78 8.72 H.03 7.16 5.36 3.56 
5 15.63 12.89 8.48 8.77 11.17 11.33 10.40 9.92 8.49 5.84 3.b4 
a 20.28 15.32 7.75 b.92 10.41 12.12 ll.03 11.52 9.42 6.05 3.56 
-5 15.63 1l.55 f).51 7.37 11.02 12.42 12.09 11.39 9.28 6.07 3.69 
-10 . 10.92 9 . 25 8.53 10.49 12.26 11.69 10.49 9.75 8.29 5.92 3.89 
-15 15.01 14.30 14.14 14.07 12.72 10.34 8.69 8.08 7.16 5.48 3.77 
-20 19.52 18.35 16.73 H.n 12.13 9.56 7.95 7.12 6.11 4.65 3.22 
-25 16.47 15.29 14.18 13.26 11.81 9.70 7.74 6.28 4 .90 3.55 2.50 
-30 11.24 10.74 11.37 12.16 11.47 9.12 b.bO ~ .. C;l 3.49 2.46 1.83 
-35 1).36 9.22 10.08 10.54 ~. 23 6.64 4.42 3.15 2.29 1.62 1.24 I 
-40 a.37 8.03 7.92 7.23 ~.61 3.77 2.61 2.04 1.52 1.03 .77 
-45 5.b5 5.20 4.E:5 3.85 2 .89 2.11 1.68 1.34 .93 .60 .46 I -50 2 .80 2.50 2.11 1.88 1.53 1.21 .94 .67 . 45 .34 .31 
a 5 10 15 20 25 3U 3 ~ 40 45 50 8 1 I 
l 
I 
b: PHI 45 DIHEDRAL ANGLE 2 .00 ~AVEL ENGTH 5300 
82 GAIN FUNCTlOrl 11.E·7) 
50 7.25 7.87 8. 31 ts.4t1 8.24 7.57 6.43 4.~8 3.58 2.56 1,~ 2 
45 9.69 10.40 10.80 10.74 10.20 9. 34 8.16 6.57 4.80 3,39 2.50 
40 11.40 12.23 12.87 12.82 11.78 10.31 8.98 7.55 5.82 4.24 3.13 
35 10.23 11.5 i t 13.30 14.26 13.37 1l.31 9.51 8.11 6.5 .:" 5.02 3.~3 
30 7.56 9.19 11.70 13.61 13.42 1l.59 9.83 8.50 7. Ole 5.55 4.38 
25 6.73 7.94 9.58 10.88 10.87 9.96 9.23 8.58 7.35 5.82 4. 59 
20 6.90 7.45 7.88 7.93 7.46 7.18 7.67 8.14 7.54 6.13 4.75 
15 4.87 5.23 5.54 5.54 5.06 4.93 5.98 7. 35 7.58 6.57 5.16 
10 2.90 2.91 2.88 3.42 3.79 4.05 5.23 6.69 7.47 6.78 5.58 
5 4.72 3.56 1.73 2.05 3.50 4,b4 5,99 7.34 7,45 6.56 5,66 
0 ().71 4,57 1.53 1,73 4,03 5,95 7,40 8.23 7,62 6.35 5.63 
-5 4.72 3,00 1.19 2. Z5 4,78 6.66 7.99 8.66 7,97 6.68 5.90 
-10 2.90 2.26 2.24 3.b4 5,28 6.45 7.72 8.75 5.56 7,46 6,33 
-15 4.87 4.59 4,73 5.21 5.62 6.31 7,76 9.13 9,17 7.96 6.37 
-20 6.90 6,37 6,12 6.19 6.41 7.12 8, "8 9.52 9.16 7.66 5.94 
-25 6.73 6.19 6,52 7.38 7.98 8,32 ~.84 9,06 8.22 6.72 5,30 
-30 7.56 7.21 8,01 9.02 9.05 8.36 7.94 7,64 6,77 5.56 4.51 
-35 10.23 9,73 9.75 9.47 8.31 6,96 6.37 6.11 5,37 4.37 3.49 
-40 11.40 10.53 9.50 8.13 6.58 5,52 5,21 4.92 4,11 3,13 2.36 
-45 9.69 8.72 7,54 6.26 5.19 4.57 4,23 3.66 2,76 1.94 1.40 
-50 7.25 6,50 5 ,63 4 ,75 3.97 3,36 2,79 2.14 1,49 1.02 ,75 
0 5 10 15 20 25 30 35 40 45 50 81 
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c: PHI 45 DIHEDRAL ANGLE 2.50 wAVELEN(,TH 5300 
92 GAIN FUNtTlOn ( I.E·n 
50 9.08 9.57 9.69 9 .64 9.50 9.20 &.51 7.36 6.11 5.10 4.2~ 
45 8. 4 5 9.01 9.23 9. 26 9.23 9.15 d.17 1.i;s6 6.69 5.73 4.93 
40 7.72 8.13 8.24 8.12 7.88 7.bl 7.69 1.64 6.97 6.26 5.53 
35 5.70 6.14 6.6C'! 6.81 6.52 6.26 6.58 7. 0 0 6.99 6.73 6.19 
30 2.98 3.58 4. ';0 5.21 5.18 5. 0 2 5.55 6.37 6.19 6.89 6.65 
25 1.65 2.11 2.73 3.27 3.42 3.76 4.81 5.93 6.42 6.52 6.47 
20 1.74 1.86 1.64 1.76 1.79 2.~2 4.U7 5.49 5.99 5.92 5.76 
15 1.50 1.50 1.31 1.04 .93 1.57 3.11 4 . 69 5.43 5.44 5.20 
10 1.31 1.21 .87 .72 .70 1. U6 2.20 3 .C.6 4.62 4.98 4.96 
5 2.58 2.00 .93 .66 .93 1.28 2.02 3.UO 3.76 4.38 4.88 
a 3.62 2.60 1.02 .78 1.43 1.98 2.46 2 .'13 3.32 4.03 5.01 
-5 2.58 1.70 .69 .89 1.73 2035 2.84 3 . 2 ~ 3.69 4.46 5.48 
-10 1.31 .92 .69 1.06 1.67 2.30 3.20 4.19 4.92 5.55 6.09 
-15 1.50 1.30 1.17 1.25 1.60 2. 52 4.10 5.62 6.41 6.61 6.55 
-20 1.74 1.47 1. 30 1."5 2.02 3.32 5.27 6.&6 7.39 7.24 6.96 
-25 1.65 1.39 1.55 2.15 2.95 4.17 ~.90 7.26 7.65 7.56 7.35 
-30 2.98 2.73 2.92 3.34 3.71 ".41 5.78 7.u3 7.50 7.53 7.27 
-35 5.70 5.21 4.12 4.24 3.9 1 4 . 29 5.53 6.67 7.04 6.91 6.41 
-40 7.72 6.88 5.7" 4.65 4.09 4.46 5."7 6.11 6.13 5.71 5.06 
-"5 8.45 7.46 6.18 5.0" 4.48 4. b 4 5.06 5.13 4.16 ".27 3.71 
-50 9.08 8.10 6.17 5.47 4.58 4.17 3.98 3.b9 3.32 2.96 2.54 
a 5 10 15 20 25 30 35 40 45 50 8 1 
d: PHI 45 DIHEDRAL ANGLE 1.50 WAVELF.NGTH 6943 
92 GAIN FUNCTlor: (1.E·7) 
50 2.66 2.98 3.53 ".10 4.34 4 .02 3.22 2 . 3 1 1.62 1.21 .97 
45 3.52 3.92 4.61 5.41 5.92 5 .72 4.19 3.54 2.46 1.75 1.32 
40 5.88 6.16 6.50 6.92 7.19 6.89 5.91 ".54 3.26 2.32 1.70 
35 10.09 10.ll 9.14 9.23 8.61 7.72 6.46 5.03 3.73 2.74 2.01 
30 14.10 13.99 13.22 12.03 10.56 8.65 7.02 5.32 3.94 2.95 2.22 
25 15.02 15.08 14.65 13.77 12.36 10.37 8.03 5.83 4.18 3.11 2.40 
20 13.19 13. "4 13.47 13.38 12.88 11.41 9.15 6.60 4.59 3.39 2.66 
15 13.29 13.15 12.31 11.87 11.93 11.46 9.74 7.26 5.12 3.84 3.10 
10 19.23 17.83 14,,15 l!.~O 10.53 10.54 9.60 1.60 5.66 ".46 3.70 
5 28.27 25.24 18.08 11.93 9.50 9.43 9.12 7.73 6.15 5.12 4.31 
a ~2.69 28.69 19.71 12.01 8.76 8.61 8.75 7.71 6.47 5.54 4 . 68 
-5 28.27 24.57 16.91 10.55 8.7.2 8.50 8.66 7.70 6.41 5.47 4.61 
-10 19.23 16.79 12.33 9.10 8.45 8.96 8.71 7.33 5.90 4.90 4.11 
-15 13.29 12.12 10.46 9.60 9.69 9.63 8.53 6.69 5.05 4.05 3.39 
-20 13.19 12.62 11.97 11.46 10.87 9.68 7.78 5.70 ".13 3.25 2.73 
-25 15.02 14.45 13."7 12.19 10.60 8.68 6.59 4.74 3.45 2.71 2.26 
-30 14.10 13.42 12.12 10.51 8.82 7.13 5.51 ~.ll 3.07 2.38 1.91 
-35 10.09 9.51 8.58 1.61 6.75 5.86 4.&3 3.73 2.71 2.05 1. 54 
-~O 5.88 5.58 5.36 5.31 5.30 ~.99 ~ . 22 3.18 2.23 1.56 1.13 
-"5 3.52 3."" 3.65 ".03 ".26 4.01 3.23 2.26 1."7 1.00 .7" 
-50 2.66 2.63 2.83 3.06 3.07 2.67 1.97 1.26 .81 .60 .50 






Table 17. (Cont.) 
.: PHI 45 DIHEDRAL ANGLE L.OO WAVELENGTH 6943 
82 C,AHl FUNCTlOtl 11.E+n 
50 5.31 5.79 6.50 7.15 7.33 6.78 5.68 4.46 3.45 2.72 2.12 
45 5.59 6.26 7.36 8.51 9.13 8.75 7.46 5.b3 4.40 3.36 2.58 
40 6.32 7.02 8.11 9.31 10.04 9.eo 8.55 6.62 5.21 3.97 3.03 
35 8.28 8.80 9.39 9.97 10.21 9.74 8.53 6.96 5.51 4.33 3.36 
30 10.54 10.82 10.88 10.70 10.19 9. 20 7.84 6.44 5.l8 4.37 3.56 
25 10.89 11.13 11.14 10.83 10.06 8.71 7.20 5.~1 4.86 4.25 3.68 
20 8.67 9.02 9.35 9.56 9.33 8.39 6.9(, 5 ... 9 4.62 4.21 3.~6 
15 6.28 6. 54 6.16 7.26 7.79 1.69 6.75 5.~4 4.77 4.50 4.25 
10 6.69 6 .39 5.45 5.23 5.98 6.72 6.60 5.90 5.38 5.20 4.89 
5 9.50 8.35 ~. 73 4.16 4.60 5.08 6.56 6.47 6.25 6.11 5.61 
0 11.15 9.42 ~.89 3.62 3.92 5.53 6.10 7.00 6.96 6.19 6.10 
-5 9 ,.50 7.86 4.92 3.31 4.01 5.75 6.91 7.18 7.09 6.86 6.12 
-10 6.69 5.64 4.20 3.&9 5.01 6 .4 0 7.01 6.b6 6.57 6.29 5.67 
-15 6.28 5.78 5.47 5.&4 6.65 7.12 b.85 6.19 5.71 5.46 5.04 
-20 8 . 6 7 8.34 8.17 8.16 8.0 3 7.45 6.46 5.52 4.99 4.77 4.47 
-25 10.89 10.45 9.88 9.23 8.39 7.31 6.14 5.19 4.65 4.36 4.02 
-30 10.54 10.00 9.33 8.64 7.94 7. 09 6.12 5.23 4.57 4.07 3.55 
-35 8.28 7.81t 7.56 7.49 7.42 7. 04 6.24 5.24 4.33 3.61 2.96 
-40 6.32 6.06 6.25 6.73 7.06 6.&2 5.92 4.72 3.67 2.d9 2.28 
-45 5.59 5.45 5.75 6.al 6.38 5.90 4.83 3.64 2.71 2.1n 1.66 
-50 5.31 5.15 5.23 5.30 5.05 4.34 3.35 2.44 1.85 1.50 1.22 
0 5 10 15 20 25 30 35 40 45 50 81 
f: PHI 45 DIHEDRAL ANGL E 2.50 WAVELF.NGTH 6943 
82 GAIN FUNCTlOl; !l.E+7) 
50 6.66 1.12 7.67 8.11 8.14 7.b4 6.76 5.~4 5.07 4.36 3.61 
45 6.01 6.65 7.59 8.53 8.99 8.64 7.64 6.1t7 5.49 4.71 3.95 
40 5.06 5.79 6.93 8.16 8.94 8.B5 7.98 6.~1 5.81 5.00 4.23 
35 4.79 5.43 6.34 7.33 8.00 7.99 7.36 6.~1 5.77 5.13 4.43 
30 5.19 5.60 6.06 6.49 6.68 6.49 6.03 5.59 5.30 5.03 4.54 
25 5.10 5.35 5.54 5.61 5.46 5.06 4.63 4.46 4.58 4.72 4.55 
20 3.83 4.03 4.25 4.39 4.33 4.00 3.62 3.55 3.90 4.36 4.51 
15 2.33 2.52 2.65 2.91 3.19 3.23 3.08 3.11 3.56 4.18 4.50 
10 2.36 2.22 1.77 1.12 2.18 2.71 2.98 3.23 3.76 4.38 4.64 
5 3.69 3.11 1.81 1.13 1.57 2.~1 3.26 3 •• 1 4.41 4.91 4.93 
0 4.52 3.63 1.d7 .90 1.39 2.64 3.73 4.49 5.10 5.44 5.21 
-5 3.69 2.85 1.43 .85 1.61 2.97 4.10 4.85 5.40 5.66 5. 35 
-10 2.36 1.84 1.21 1.30 2.23 3.38 4.20 4.76 5.25 5.55 5.38 
-15 2.38 2.15 2.08 2.46 3.14 3.74 4.11 4.46 4.96 5.H 5.41 
-20 3.83 3.66 3.63 3.78 3.96 4.03 4.07 4.34 4.88 5.38 5.47 
-25 5.10 4.84 4.64 4.53 4.45 4 .35 4.34 4.59 5.07 5.46 5.42 
-30 5.19 4.86 4.69 4.72 4.84 4.91 4.93 5.05 5.26 5.37 5.11 
-35 4.79 4.50 4.59 4.99 5.43 5.61 5.47 5.26 5.11 4.92 4.50 
-40 5.06 4.83 5.08 5.60 6.00 5.94 5.46 4.90 4.50 4.1'1 3.76 
-45 6.01 5.78 5.87 6.07 6.03 5.55 4.78 4.10 3.69 3.43 3.08 
-50 6.66 6.35 6.12 5.84 5.34 4.tO ~· .83 3.2 A 3.02 2.83 2.51 
0 5 10 15 20 25 30 35 40 45 50 81 
llO 
J_-----'_-1_ 
Table 17. (Cant. ) 
1.50 
g: Pili 45 DI HEDRAL ANGLE 2.00 WAVELFNGTH 5300 
2. 50 
92 GAIN FUNCTlOr. (1.E-7) 
50 6.18 6.83 7.19 7.23 6.95 6. 4 0 5.58 4.53 3.48 2.6b ; . • 11 
45 7.69 8.41 8.83 8.77 8.25 7.50 6.65 5.53 4.23 3.18 2.51 
40 8.90 9.85 10.73 10.85 9.85 8.36 7.16 6. 0 9 4.85 3.71 2.92 
3~ 8.18 9.61 11.60 12.74 11.82 9.57 7.65 6.42 5.3U 4.26 3.47 
30 7.07 0.60 10.93 12.67 12.25 10.09 6.02 6.70 5.62 4.68 4.00 
25 8.35 9.23 10.29 10.96 10.37 8. B7 7.62 6,iiO 5.8b 4 .89 4 .23 
20 9.68 ~O.Ol 10.03 9.48 8.23 7. 0 2 6.68 6.70 6.15 1;.13 4.28 
15 7.2 1 7.63 8.11 8.14 7.16 5.98 5.94 6.63 6.58 5.59 4.46 
10 4.66 4 •• 72 4 . 98 6.0b 6.45 5.b3 5.93 6.89 7.0b b.01 4.69 
5 7.13 5,\.\} 3.45 4.18 5 .90 6.36 6.7b 7.02 7.43 6.04 4.73 
0 9.76 7.01  3.13 3.47 5.97 7.18 7.69 8.17 7.45 5.83 4.70 
-5 7.13 4.9;' 2.70 3.96 6.46 7.39 1.61 7.85 7 . 16 5.79 4.91 
-10 4.66 3.94 4.01 5.64 6.87 6.76 6.72 7 .1b 6.98 6.09 5.25 
-15 7.21 6.96 7.13 7.38 6.94 6.23 6.38 7.09 7.14 6.35 5.32 
-20 9.68 9.09 8.41 7.90 7.24 6. 84 7.13 7.54 7.19 6.17 5.07 
-25 8.35 7.72 7.68 8.13 8.33 8. 09 7.84 7.50 6.68 5.61 4.71 
-30 T. 07 6.73 7.5b 8.76 8.98 8.12 7.20 6.54 5.75 4.92 4.26 
-35 8.18 7.76 8.14 8.40 7.66 6. 39 5.62 5 .30 4.82 4.18 3.57 
-40 8.90 8.14 1.47 6.57 5.41 4.56 4,40 4.37 3.94 3.29 2.68 
-45 7 .b9 6. 78 5.77 4.74 3.94 3.61 3.58 3.38 2.85 2.27 1.81 
-50 6.18 5.35 4.48 3.70 3.13 2.79 2.50 2 . 12 1.70 1.37 1.12 
a 5 10 15 20 25 30 3 5 40 45 50 91 
2.00 
b: PHI 45 DIH~ORAL ANGLE 2.50 W;"';ELI'NGTH 5300 
3. 00 
92 GAIN FUNCTION fl.E-'/) 
50 7.16 7.72 8.00 8.06 7.95 7.60 6.90 5. ~7 4.83 4.12 3.63 
45 7.24 7.80 8.07 8.10 7.96 7.73 7.27 6.38 5.34 (t.o3 4.18 
40 7.26 7.77 8.10 8.08 7.63 7.16 6.89 6.43 5.b9 5.07 4.b1 
35 5.85 b.59 7.59 8.15 7.66 6.76 b.35 b.21 5.85 5.45 5.04 
30 3.b2 4.58 b.15 7.3b 7.24 b.37 5.97 b.OO 5.85 5.63 5.37 
25 2.75 3.45 ".52 5.41 5.49 5.B 5 .45 5.b1 5.72 5.47 5.31 
20 3.00 3. 25 3. ( 8 3.55 3.42 3.67 4.61 5.47 5.53 5 . 17 4. Q 2 
15 2.28 2.42 2.50 2 .42 2 .19 2. 41 3.65 4,'10 5.27 4.9b 4.59 
10 1.51 1.49 1.41 1.bO 1.72 2.00 3.06 4.39 4.93 4.74 4.41 
5 2.82 2.13 1.03 1.11 1.75 2.32 3.29 4.35 4.64 4.40 4.28 
a 4.07 2.80 .98 1.01 2.11 3. 00 3.88 4.58 4.51 4.23 4.37 
-5 2.82 1.78 .68 1.17 2.35 3.19 4.00 4.b8 4.74 4.b3 4.84 
-10 1.51 1.11 1.02 1.64 2.31 2.88 3.87 4.98 5.4 7 5.49 5.41 
-15 2.28 2.11 2.10 2.23 2 .38 2.9b 4.33 5.7b 6.35 b.16 5.72 
-20 3.0(' 2.74 2.65 2.80 3.12 3.93 5.32 6.51 6.74 6.32 5.83 
-25 2. 75 2.54 2.95 3.78 4 .45 5.05 5.91 b.57 b .54 6.20 5.94 
-30 3.b2 3.49 4.12 4.96 5.25 5. l 5 5 .65 b.13 6.18 6.03 5.85 
-35 5.85 5.51 5.46 5.33 4.90 4.69 5.19 5.80 5.88 5.64 5.27 
-40 7.2b 6.5C'1 5.77 4.93 4.32 4.40 5.06 5.52 5.34 10.86 4.34 
-45 7.24 6.
'
,1 5.43 4.58 4.18 4.34 10 .70 10.70 4.29 3.81 3.38 
-50 7 .1b 6.33 5.36 4.49 3.95 3.74 3.bO 3.35 3.03 2.78 2.52 
a 5 10 15 20 25 30 35 40 45 50 91 
III 
Table 18. Gain function vs. velocity aberration for various dihedral-angle offsets. 
" 
PH' 
• 20 .28 5 1 ..... 6 
I. 9.63 
15 11.08 2. 1 .... 57 




4, 6 . 31 ,. 3.e" 
• 0 . 00 • ,
. 45 
I. 1.36 






5. . 87 
b, P~tI 
• 6.71 , to.3 0 
I. 2 . H 
15 3.25 
2. 5.18 
25 6.19 3. 7.62 
35 9.25 
4. 9.51 
4, 8 .41 ,. 6.87 
• 0 . 00 • , ... • I. . .. 
15 1.13 
z. 1.23 
25 1.24 3. 1.68 
35 , 1.99 
4. 1~92 4, 1.67 
50 t l . i l 
The average and rms deviations are computed around a circle in the far 
field whose radius is the velocity aberration listed, in microradians, in 
the first column. 
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0 ]' ''2 , 2 . 4 0 
10 1. 16 0 
1> 1. 0Z 0 
' 0 1.ll 0 
Z5 l . n 0 
10 2 . 6' 
" 
4 . 2 6 
'0 5,52. . 
" 
6 . 30 
•• 6.8] 
0 0 . 00 • , 
.10 • 10 .15 • 15 .ZI • 
'0 .11 • Z5 ... • 10 .,. 0 
" 
.. , • ,. 1,33 • 
" 
1. 4a • ,. 1.5, • 
d, FHl "5 
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" ••• • '0 .'0 0 
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Table 18. (Cont. ) 
DIHEDRAL. ANGLE 2 . 50 WAVELENGTH 5]00 







R. M.S. FLUCTUATION 
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Table 18. (Cont.) 
" 
PHI •• DIHEDRAL. AN","E 2.00 WAYELENGTH 694' 
AVERAGE GAIN ~UHCTJOH 'hE-ll 
0 11.15 • 
• 9.11 • 10 6.26 • 
" 
5.06 • 20 6,Z. • 
.. 8.04 • )0 1,5, • )5 1 . 15 • 
'0 1.00 • 
., 6,41 • 
'0 5.17 • 
R.M.S. FLUCTUATI ON 
• 0.00 • ,
.19 • 10 • '1 • 
" 
1.05 • 20 1.1) 0 
ZS 1.95 • )0 . 1 ,62 • )' 1.26 0 
'0 1. 32 0 
., 1.44 • 
• 0 1.l0 • 
f , PHI ., DIHEDRAL ANGlE 2.50 WAVELENGTH 6943 
AVERAGE GAIN FU'ICTlOh H.t-_ll 
0 4 . 52 • , 3."''' • 10 2 , 10 • 
" 
1.68 • 
2. 2,54 • 
.. 3.71 o 
)0 4.lo. • )5 4.69 • 
'0 5.19 • 
., 5,7, • 
.0 5. 91 • 
R.H.S. fLUCTUATION 
0 0 , 00 • 
• .10 • 10 • n • 1:' . ,. 0 
Zt .BI • 
.. 
• •• 0 )0 • • 1 • )' ••• • 40 1.16 • .. 1.29 0 





I I I 
.' 
PHI 4' 
0 9 . 76 
5 6 . 62 






8 . 37 
40 1 . 2l 
'5 6.96 
50 5.'" 
0 0,00 • 
5 .23 • 10 
. '4 • 1. 33 • 20 1.4Z • 25 1.15 • 
'0 1.47 • 
" 
1.72 • 40 1.53 • .. 1.28 • 












'0 5.94 ., 5 . 94 
'0 5.68 





25 .5. • 
30 .11 • 
35 .98 • 
.0 1.08 • 
'" 1.15 • 




Table 18. (Cont.) 








R, M.S . FLUCTUATIOh 
2.00 










•• VElEHGTH 5300 






























Figure 13. Contour plots of the gain-function matrices given in Tahle 17. Circles of radius 25 and 50 f1TIld are 
shown to mark the minimum and maximum values of velocity aberration. The numbers are the gain 
function in units of 107• The contour levels are plotted at 8, 4, 2, 1, and 0.5X 107• a: <1>= 45°, 




























































































































































































Table 19. Centroid range-correction matrices for various dihedral-angle offsets. 
The angles 91 and 92 are defined in Figure 8. Only half the matrix is pre-
sented since the value for (9h 92) equals that for (0::;10 -92). 
a: PHI 45 DIHEDRAL ANGLE 1 , 50 WAVELENGTH 5300 
82 RANGE CORRECTI~N (METEI<SI 
50 1.261 1.260 1.260 1.259 1.257 1.253 1.245 1.230 1.211 1.19'1 1.199 
45 1.265 1.264 1.262 1.261 1.257 1.252 1.247 1.239 1.223 1.205 1.200 
40 1.266 1.266 1.267 1.267 1.264 1.256 1.248 1.240 1.229 1.215 1.208 
35 1.263 1.265 1,269 1.272 1.271 1.264 1.254 1.243 1.234 1.223 1.218 
30 - 1.260 1.262 1.267 1.271 1.271 1.267 1.258 1.249 1.240 1.230 1.22~ 
25 1.263 1.263 1.264 1.265 1.265 1.2('1 1.256 1.252 1.247 1.23'1 1.233 
20 1.263 1.263 1.262 1.261 1.258 1.2~3 1.250 1.253 1.254 1.250 1.242 
15 1.252 1.253 1.257 1.260 1.259 1.253 1.251 1.257 1.262 1.260 1.252 
10 1.233 1.233 1.240 1.256 1.264 1.263 1.263 1.268 1.272 1.268 1.258 
5 1.247 1.239 1.224 1.247 1.269 1.274 1.276 1.279 1.279 1.273 1.261 
0 1.256 1.247 1.222 1.243 1.274 1.2&0 1.281 1.282 1.281 1.274 1.262 
-5 1.247 1.238 1.220 1.253 1.276 1.279 1.278 1.278 1.277 1.270 1.261 
-10 1.-233 1.232 1.243 1.265 1.273 1.272 1.269 1.270 1.270 1.265 1.259 
-15 1.252 1.2~5 1.262 1.267 1.'::68 1.264 1.261 1.2b4 1.266 1.263 1.256 
-20 1.263 1.264 1.265 1.267 1.266 1.264 1.264 1.266 1.266 1.261 1.252 
-25 1.263 1.263 1.266 1.270 1.273 1.273 1.272 1.270 1.265 1.257 1.246 
-30 1.260 1.262 1.270 1.277 1.281 1.279 1.274 1.268 1.261 1 .251 1.243 
-35 1.263 1.267 1.275 1.280 1.281 1.276 1.268 1.262 1.255 1. 246 1.241 
-40 1.266 1.269 1.273 1.2: 6 1.274 1.2b8 1.261 t .2~9 1.254 1.243 1.236 
-45 1.265 1.267 1.269 1 .. ~ b9 1.267 1.265 1.264 1.261 1.250 1.232 1.224 
-50 1.261 1.264 1.266 1.269 1.270 1.268 1.262 1.248 1.225 1.210 1.215 
0 5 10 15 20 25 30 3~ 40 45 50 8 1 
b: PHI 45 DIHEDRAL AN('LE 2.00 WAVELEN(,TH 5300 
82 RANGE CORRECTI ON (NETERSI 
50 1.270 1.267 1.266 1.264 1.263 1.262 1.258 1.2~0 1.239 1.228 1.222 
45 1.269 1.267 1.265 1.263 1.262 1.261 1.260 1.255 1.246 1.237 1.231 
40 1.268 1.266 1.264 ;_ .262 1.260 1.258 1.2~8 1.2~6 1.252 1.246 1.242 
35 1.262 1.262 1.264 1.265 1.263 1.UO 1.257 1.257 1.256 1.254 1.253 
30 1.250 1.254 1.261 1.265 1.266 1.263 1.261 1.261 1.261 1.260 1.260 
25 1.240 1.245 1.253 1.259 1.261 1.201 1.264 1.2b7 1.268 1.266 1 . 2 65 
20 1.239 1.241 1.244 1.247 1.249 1.254 1.264 1.272 1.274 1.272 1.267 
15 1.223 1.225 1.231 1.236 1.238 1.245 1.263 1.274 1.277 1.274 1.269 
10 1.192 1.189 1.196 1.223 1.238 1.248 1.264 1.275 1.277 1.274 1.270 
5 1.239 1.221 1.162 1.206 1.250 1.2 62 1.270 1.276 1.276 1.273 1.271 
0 1.257 1.242 1.166 1.207 1.260 1.268 1.272 1.275 1.274 1.271 1.272 
-5 1.239 1.218 1.139 1.227 1.260 1.265 1.268 1.272 1.277. 1.271 1.273 
-10 1.192 1.180 1.199 1.242 1.256 1.258 1.264 1.270 1.272 1.272 1.273 
-15 1.223 1.226 1.237 1.248 1.253 1.2~8 1.266 1.273 1.275 1.273 1.271 
-20 1.239 1.241 1.246 1.254 1.21>1 1.267 1.274 1.277 1.276 1.273 1.268 
-25 1.240 1.243 1.253 1.266 1.273 1.276 1.217 1.278 1.275 1.2.,0 1.266 
-30 1.250 1.255 1.265 1.274 1.277 1.276 1.276 1.275 1.273 1.269 1.266 
-35 1.262 1.266 1.271 1.275 1.275 1.273 1.273 1 .274 1.273 1.270 1.267 
-40 1.268 1.270 1.272 1.273 1.273 1.273 1.276 1.278 1.276 1.271 1.266 
-45 1.269 1.271 1 .273 1.274 1.276 1.279 1.281 1.280 1.276 1.268 1.262 
-50 1.270 1.272 1.275 1.278 1.280 1.282 1.281 1.276 1.268 1.2~9 1.25" 
0 5 10 15 20 2~ 30 35 40 45 50 81 
124 
! . I I I ' __ J I _J I I 
--
I 
Table 19. (Cont.) I , 
c: PHI 45 DIHEDRAL ANGLE 2.50 wAVELENGTH 5300 
92 ~ANGE CORRECTION (METERSI 
50 1. 27 1 1 . 267 1. 263 1.261 1 . 259 1.259 1.2 57 1 . 255 1.25 1 1. 2 50 1 . 250 
45 1 . 267 1.264 1. 260 1.257 1 . 25 7 1 . 2 58 1.25 8 1. 257 1.255 1.255 1.257 
40 1.26 3 1 . 259 1. 254 1 .251 1. 2 50 1.252 1. 257 1 .260 1 . 261 1 . 263 1. 265 
35 1. 2 55 1. 251 1. 248 1.247 1.245 1 . 246 1. 254 1.262 1.267 1.271 1 . 2 74 
30 1. 230 1. 233 1.239 1.245 1.245 1.246 1.256 1.2b6 1 . 21'3 1. 277 1.279 
· 
25 1.1 9 5 1 . 208 1.222 1.233 1.238 1.247 1 . 262 1.273 1 . 277 1.280 1.281 
20 1.207 1.207 1.204 1.203 1.212 1,243 1 . 268 1 .278 1.279 1.279 1.278 
15 1.202 1.198 1.187 1.171 1.172 1 . 230 1. 266 1.276 1 . 276 1.273 1.272 
10 1.202 1.190 1.161 1.153 1 .1 61 1.207 1.251 1.265 1 . 267 1.267 1 . 267 
· 5 1.251 1.238 1. 184 1.159 1.197 1.215 1.237 1.252 1 . 25 7 1.26 1 1. 266 
a 1.264 1.254 1.202 1.181 1.224 1.232 1.238 1.245 1 . 250 1.259 1.269 
-5 1.251 1 . 235 1.164 1.192 1.229 1.233 1.239 1.247 1.255 1 . 265 1.273 
-10 1.202 1.177 1.154 1.201 1.222 1.231 1. 246 1.259 1.267 1 . 212 1.275 
-15 1.202 1.197 1.196 1.205 1.219 1 . 243 1.262 1.271 1.274 1.274 1.274 
-20 1.207 1.200 1.197 1.212 1.236 1.258 1 . 271 1 . 275 1.275 1.274 1.274 
-25 1.195 1.189 1.209 1.237 1.252 1. 2b3 1 . 271 1.274 1.274 1.274 1 . 275 
-30 1.230 1 . 233 1.243 1 . 252 1.256 1.261 1 . 268 1.273 1.274 1.276 1.277 
-35 1 .255 1.257 1.258 1.257 1.256 1.2bl 1.270 1.27 5 1.277 1.278 1.278 
-40 1.263 1.265 1.264 1.263 1.264 1.270 1.277 1 . 27<; 1.279 1.279 1 . 277 
-45 1.267 1.270 1.270 1.271 1.274 1.278 1.281 1.281 1.279 1.278 1 . 2 77 
-50 1 . 271 1. 273 1.275 1.276 1 . 277 1.279 1.279 1.278 1.277 1 . 277 1.277 
a 5 10 15 20 25 30 35 40 45 50 91 
d: PHI 45 DIHEDRAL ANGLE 1.50 wAVELENGTIi 6943 
92 RANGE CORRECTION (METERSI 
50 1.261 1.263 1.266 1.270 1.271 1.269 1.263 1.251 1.235 1.221 1.212 
45 1.260 1.261 1.266 1.271 1.273 1.273 1.269 1.259 1.245 1.230 1.218 
40 1.264 1.264 1.265 1.268 1.270 1.270 1.267 1.260 1.249 1.236 1.224 
35 1.269 1.269 1.267 1.266 1.265 1.264 1.261 1 . 255 1.246 1.237 1.228 
30 1.272 1.271 1.269 1.267 1.264 1.260 1.255 1.248 1.240 1.234 1.229 I 
25 1.270 1.269 1.268 1.267 1.265 1.261 1.255 1.246 1.238 1.233 1,231 I 
20 1.261 1.261 1.262 1.264 1.26 6 1.265 1.261 1.252 1.243 1.238 1.239 ! 15 1.254 1 .253 1.253 1.257 1.263 1.267 1.266 1,261 1.253 1.250 1.252 
10 1.259 1 . 25·,1 1.251 1.249 1.257 1.267 1.270 1 . 269 1.26 5 1.264 1 . 2 66 
5 1.266 1 . 264 1.255 1.246 1.251 1.265 1.273 1.275 1.274 1.275 1.276 
0 1.269 1 . 2t.6 1.258 1.247 1.249 1.266 1.276 1.279 1 . 279 1.279 1.280 
-5 1.266 1.264 1.256 1.246 1.252 1.269 1.278 1.279 1.278 1.277 1.277 
· 
-10 1.259 1.257 1.251 1.249 1.261 1.273 1.278 1.276 1.272 1.270 1.270 
-15 1.254 1.254 1.254 1.260 1.269 1.275 1.275 1.270 1.263 1.259 1.259 
-20 1.261 1.263 1.265 1.269 1.272 1.272 1.269 1.2b2 1.253 1.249 1 . 250 
-25 1.270 1.270 1.270 1:271 1.270 1.268 1.263 1.256 1.249 1.246 1.246 
-30 1,272 1.272 1.270 1.269 1.267 1.265 1.262 1.258 1.253 1 . 250 1.248 
-35 1.269 1.269 1.268 1.267 1.268 1.269 1.269 1.266 1.261 1.255 1.248 
-40 1.26<0 1.264 1.266 1.269 1.274 1.276 1.216 1.272 1.264 1.253 1.243 
-45 1.260 1.262 1.268 1.274 1.219 1.2S1 1.278 1.210 1.258 1.243 1.232 
-50 1.261 1.264 1.210 1.276 1.278 1.278 1.272 1.259 1.240 1.228 1 . 224 





Table 19. (Cont. ) 
e: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 
82 RANGE CORRECTION (METERS) 
50 1.266 1.266 1.267 1.269 1.270 1.268 1.263 1.257 1.250 1.243 1.237 
45 1.263 1.264 1.267 1.271 1.27J 1.272 1.269 1.2b2 1.254 1.247 1.240 
40 1.260 1.261 1.265 1.269 1.272 1.272 1.270 1.264 1.258 1.251 1.244 
35 1.261 1.2b2 1.264 1.266 1.268 1.268 1.2b6 1.262 1.258 1.253 1.249 
30 ' 1.264 1.263 1.263 1.263 1.263 1.262 1.2bO 1.257 1.255 1.254 1.253 
25 1.2b2 1.2b2 1.262 1.262 1.2bl 1 . 2~8 1.255 1.251 1.251 1.254 1.2~7 
20 1.253 1.253 1.255 1.258 1.260 1.259 1.256 1.252 1.252 1.257 1.2b2 
15 1.236 1.237 1.241 1.250 1.258 1.2b2 1.261 1.259 1.260 1.265 1.2b9 
10 1.236 1.233 1.227 1.235 1.253 1.265 1.269 1.269 1.271 1.275 1.277 
5 1.251 1.245 1.230 1.223 1.247 1.268 1.276 1.2/1 1.279 1.281 1.282 
0 1.256 1.251 1.233 1.218 1.24b ' 1.271 1.Z.79 1.281 1.282 1.293 1.283 
-5 1.251 1.245 1.228 1.220 1.252 1.274 1.279 1.2bO 1.279 1.280 1.280 
-10 1.236 1.231 1.224 1.231 1.262 1.2/4 1.27b 1.275 1.274 1.274 1.275 
-15 1.23b 1.237 1.243 1.256 1.267 1.2"12 1.271 1.26A 1.2b7 1.2b8 1.2b9 
-20 1.253 1.255 1.259 1.264 1.268 1.268 1.2bb 1.2b3 1.2b2 1.2b5 1.267 
-25 1.262 1.263 1.264 1.2b6 1.2b7 1.267 1.265 1.2b4 1.264 1.2b7 1.267 
-30 1.264 1.264 1.265 1.2b6 1.268 1.270 1.270 1.270 1.270 1.270 1.269 
-35 1.261 1.262 1.264 1.269 1.273 1.276 1.217 1.276 1.274 1.271 1.268 
-40 1.260 1.262 1.267 1.273 1.279 1.2Hl 1.281 1.278 1.274 1.269 1 .264 
-45 1.263 1.265 1.271 1.277 1.281 1.282 1.280 1.275 1.270 1.264 1.260 
-50 1.266 1.269 1.273 1.276 1 .278 1.278 1.275 1.269 1.264 1.261 1.25H 
0 5 10 15 20 25 30 35 40 45 50 81 
f: PHI 45 DIHEDRAL ANC,LE 2.50 WAVELENC,TH 6943 
82 RANGE CORRECTI ON (METERS) 
50 1.267 1.266 1.266 1.266 1.265 1.264 1.261 1.258 1.257 1.255 1.253 
45 1.262 1.262 1.264 1.267 1.268 1.267 1.264 1.2bl 1.258 1.257 1.255 
4 0 1.254 1.256 1.261 1.265 1.268 1.268 1.266 1.263 1.261 1.259 1.258 
35 1.248 1.250 1. 256 1.261 1.265 1.266 1.2b5 1.264 1.263 1.263 1.263 
30 1.248 1.249 1.252 1.255 1.258 1.259 1.260 1.261 1.264 1.267 1.268 
25 1.246 1.246 1.247 1.249 1.250 1.250 1.251 1.256 1.263 1.269 1.272 
20 1.233 1.234 1.237 1.242 1.244 1 .245 1.245 1.252 1.262 1.271 1.275 
15 1.205 1.207 1.213 1.226 1.239 1.245 1.248 1.25" 1.265 1.273 1.217 
10 1.213 1.205 1.188 1.197 1.230 1.249 1.257 1.263 1.270 1.276 1.278 
5 1.245 1.235 1.201 1.169 1.222 1.256 1.267 1.271 1.275 1.27'1 1.279 
0 1.254 1.246 1.211 1.155 1.22" 1.262 1.271 1.274 1.276 1.278 1.278 
-5 1.245 1.235 1.192 1.157 1.235 1.26" 1.270 1.271 1.273 1.275 1.276 
- 10 1.213 1.199 1.171 1.200 1.247 1.263 1.266 1.266 1.269 1.272 1.273 
-15 1.205 1.205 1.214 1.236 1.253 1.259 1.260 1.262 1.266 1.270 1.273 
-20 1.233 1.235 1.241 1.249 1.255 1.258 1.259 1.2b2 1.267 1.272 1.27" , 
-25 1.2"6 1.247 1.249 1.253 1.258 1.261 1.26" · 1.268 1.273 1.276 1.276 
-30 1.2"8 1.248 1.251 1.257 1.26" 1.269 1.272 1.275 1.277 1.278 1.277 
-35 1.2"8 1.249 1.256 1.26" 1.272 1.276 1.278 1.278 1.278 1.277 1.275 
-"0 1.254 1.257 1.26" 1.271 1.277 1.279 1.279 1.277 1.276 1.275 1.273 
-"5 1.262 1.265 1.210 1.274 1.277 1.278 1.276 1.274 1.274 1.273 1.273 
-50 1.267 1.269 1.272 1.274 1.275 1.275 1.273 1.273 1.274 1.275 1.274 
0 5 10 15 20 25 30 35 40 "5 50 8 1 
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Table 19. (Cant. ) 
1. 50 • 
g: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
2.50 
82 RANGE CORR ECTION (METEHS) 
50 1.266 1.264 1.262 1.261 1. 259 1.258 1.255 1.250 1.242 1.236 1.233 
45 1.265 I.Z63 1.261 1.259 1.257 1.256 1.255 1. 252 1.246 1.239 1.238 
40 1.264 1.263 1.262 1.261 1.259 1.255 1.253 1.252 1.249 1.245 1.244 
35 .1.259 1.260 1.264 1.267 1.265 1.259 1.254 1.253 1.252 1.252 1.253 
30 1.252 1. 256 1.263 1.268 1.267 1.263 1.258 1.257 1.257 1.258 1.260 
2 5 1.255 1.256 1.259 1.262 1.262 1.2 60 1.259 1.262 1.263 1.264 1.264 
20 1.258 1.257 1.257 1.256 1.253 1.251 1.257 1.265 1.26d 1.267 1.266 
15 1.245 1.246 1.250 1.254 1.252 1.249 1.256 1.267 1.271 1. 2 69 1.265 
10 1.221 1.220 1.230 1.251 1.259 1.258 1.262 1.270 1.273 1.270 1.265 
5 1.247 1.234 1.211 1.2"3 1.267 1.270 1.272 1.276 1.276 1.271 1.266 
0 1.260 1.248 1.210 1.241 1,271 1.275 1.275 1.277 1.276 1.270 1.267 
-5 1.247 1.233 1.206 1.252 1.272 1.273 1.271 1.273 1.272 1.269 1.268 
-10 1.221 1.218 1.236 1.263 1.270 1.266 1.265 1.26 9 1.269 1.268 1.267 
-15 1.245 1.249 1.25d 1.266 1.267 1.263 1.265 1. 269 1.270 1.268 1.265 
-20 1.258 1.259 1.262 1.266 1.268 1.270 1.272 1.274 1.272 1.267 1 . 263 
-25 1.255 1.256 1.262 1.270 1.275 1.277 1.276 1.275 1.271 1.266 1 .263 
-30 1,252 1.255 1.266 1.275 1.279 1.278 1.275 1.273 1.270 1.267 1.266 
-35 1.259 1.262 1.270 1.275 1.276 1.274 1.272 1.272 1.27 1 1.270 1.268 
-40 1.264 1.266 1.269 1.271 1.270 1.270 1. 2 72 1 .274 1.273 1.271 1.269 
-45 1.265 1.266 1.268 1.269 1.270 1.2"13 1.276 1.276 1.273 1.270 1.267 
-50 1.266 1.267 1.269 1.271 1.274 1.276 1 .276 1.272 1.268 1 . 266 1.266 
0 5 10 15 20 25 30 35 4 0 4 5 50 8 1 
2. 00 
h: PHI 45 DIHEDRAL ANGLE 2.50 WAVELENGTH 5300 
3.00 
82 RANGE CORRECT! tiN (METERS) 
50 1.267 1.264 1.261 1.259 1.25a 1.257 1.255 1.251 1.247 1.246 1.249 
45 1.266 1.263 1.259 1.257 1.256 1.257 1.257 1.255 1. 252 1.252 1.256 
40 1.265 1·.261 1.258 1.255 1.253 1.253 1.256 1.258 1 .258 1.259 1.263 
35 1.258 1.256 1.257 1.258 1.256 1.253 1.25 5 1.260 1.263 1.266 1,269 
30 1,241 1.246 1.255 1.261 1.261 1.258 1.259 1.264 1.268 1.271 1.274 . 
25 1.227 1.235 1.247 1.255 1.257 1.258 1.264 1.270 1.273 1,274 1.275 
20 1.2~3 1.233 1.236 1.239 1.241 1.251 1.266 1.275 1.276 1.275 1.273 
15 1.217 1.217 1.220 1.223 1.222 1.238 1.262 1.274 1.275 1.273 1 .270 
10 1.191 1.184 1.184 1.209 1.222 1.235 1.258 1.270 1.272 1.269 1.267 
5 1.246 1.228 1.167 1.195 1 .236 1.24 9 1.261 1. 269 1.269 1.267 1.267 
0 1.263 1.249 1.179 1.199 1.248 1,257 1.264 1 . 269 1.268 1.266 1.269 
-5 1.246 1.225 1.140 1.215 1.250 1 . 255 1.260 1. 266 1.268 1.269 1.271 
_10 1.191 1.173 1.185 1.233 1.246 1.248 1.258 1.267 1.270 1.271 1.272 
-15 1.217 1.221 1.233 1.244 1.247 1.254 1.266 1.273 1.274 1.272 1.271 
-20 1.233 1.234 1.242 1.253 1.261 1.268 1.274 1.276 1.274 1.271 1.270 
-25 1.227 1.231 1.250 1.266 1.273 1.274 1.275 1.275 1.272 1.270 1 . 271 
-30 1.241 1.248 1.263 1.272 1.275 1.273 1.273 1.273 1.272 1.272 1.273 
-35 1.258 1.263 1.268 1.272 1.271 1.270 1.272 1.275 1.275 1.275 1.274 
- 40 1.265 1.267 1.269 1.270 1.270 1.273 1.276 1.278 1.277 1.276 1.274 
-45 1.266 1.268 1.270 1.2 71 1.274 1.277 1.279 1.279 1.277 1.276 1.27" 
-50 1.267 1.269 1.271 1.273 1.275 1.277 1.277 1.276 1.275 1.276 1.276 
0 5 10 15 20 25 30 35 40 45 50 8 1 














Table 20. Centroid range correction vs. velocity aberration for various dihedral-angle offsets. The average 
and rms deviations are computed around a circle in the far field whose radius is the velocity aberra-
tion listed, in mlcroradians, in the first column. 
., PHI .. DIHED~AL ANGLE 2.00 -'AVELENGTH 5300 
AVERAGE RA~GE CORRECTION '"ETERS, 
0 1.25'70 • 
5 1.2)47 • 
10 1.1811 • 
15 1,211) • 
20 1.20\25 • 25 1.250, • 30 1,2599 • 
35 1.2683 
, 
• 40 1,2108 • 
'5 1,2699 • 50 1.2694t • 
R . ~ .S. FLUCTUATION 
0 0.0000 * 
, 
.00) 1 II 
10 .0138 • 
I' .0076 • 20 .0082 • 25 .0082 • 30 .0066 • 35 .0052 • 
'0 .0052 • 45 .0056 • 
'0 .0060 • 
d, PHI .. DI HEDRAL ANGLE 1.50 WAVELENGTH 694) 
AVERAGE RANGE CORR ECTION IMeTERS) 
0 1.2681 • , ~ ~ :o ; ... • 
," ltzser. • 15 1.2514 • 20 1.25',,1 • 25 1.21,615 • 
'0 1.Z" Oa • l.5 1.2690 • 
'0 1.26~; 1 • 
.. 1.26::1 • 50 1-26:H • 
R,H.S. FLUCTUATION 
0 a.tODao if 
5 .000) • 
10 .0006 * 
15 .0021 II 
20 .0041 II 
l5 .002S • 
30 .0034 II 
15 .0041 II 














Figure 14. Contour plots of the centroid range-correction matrices given in Table 19. Circles of radius 25 and 
50 fll"ad are shown to mark the minimum and maximum values of the velocity aberration. The sym-
bol B represents a centroid range correction minus the average centroid range correction in the 25-
to 50-fll"ad annulus equal to +2 cm; A equals +1 cm; 0 equals 0 cm; and 1 through 8 equal -1 through 
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Table 21. Half-maximum and half-area range corrections vs. velocity aberration. 
Pulse length = O. 2 nsec, cjl = 45 0 , ,,= 5300 A. 
6 1 62 
Half- Half-
Centroid t:. maximum t:. area t:. 
(jJrad) (fITad) (m) (m) (m) (m) (m) (m) 
!: Dihedral angle = 2t'O 
0 0 1.2570 -0.0099 1. 3037 +0.0007 1. 2873 +0.0018 
0 . 25 1.2405 -0.0264 1. 2979 -0 . 0051 1. 2597 -0.0258 
0 50 1.2698 +0.0029 1. 3028 -0.0002 1. 2863 +0.0008 
25 0 1.2679 +0.0010 1. 3021 -0.0009 1.2857 +0.0002 
50 0 1. 2715 +0.0046 1. 3033 +0.0003 1.2893 +0 . 0038 
50 50 1.2218 -0.0451 1. 2994 -0.0036 1.2309 -0.0546 
~: Dihedral aD~le = 2t'5 
0 0 1. 2643 -0.0026 1. 3028 -0.0002 1.2912 +0.0057 
0 25 1. 1954 - 0.0715 1. 2808 -0.0222 1.2104 -0.0751 
0 50 1. 2708 +0. 0039 1.3033 +0. 0003 1.2874 +0. 0019 
25 0 1.2320 -0.0349 1. 2943 -0.0087 1. 2516 -0.0339 
50 0 1.2685 +0.0016 1. 3033 +0.0003 1.2846 -0. 0009 
50 50 1.2501 -0.0168 1. 3028 -0.0002 1. 2683 -0.0172 
The variations in the half-area range correction tend to follow those in the cen-
troid. On the other hand, the variations in the half-maximum correction are remark-
ably small throughout the diffraction pattern, presumably because the strongest portion 
of the return comes from the closest part of the array. This is evident in Figure 12t, 
which shows the inc.)herent return pulse shape for aO. 2-nsec transmitted pulse at an 
incidence angle of 45 0 on the array. 
In summary, the maximum systematic error in the r ange correction is probably 
on the order of 2 cm. The data presented in Figure 14 and Tables 15 and 21 can be used 
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11. INFRARED TRANSFER FUNCTION 
:. 
' This section gives the reflectiVity and range correction for the infrared reflector 
carried by Geos 3. The dimensions and specifications of the cube corner are given 
, 
in Section 2, and the position and orientation, in Table 2a and Figure 5. 
Since·the back faces are uncoated, the cube corner depends on total internal 
reflection. ' The minimum incidence angle <l>c at which total internal reflection can be 
lost is given by the formula 
<l>c = sin -1 (n sin <I>~) , 
where 
-1 rn -11 
<I>'=tan v2-sin -
c n 





<I> c = sin (1. 01348) 
Since the sine of <l>c is greater than unity, no loss of total internal reflection occurs. 
The reflectivity of the infrared reflector is plotted in Figure 15 as a function of 
the direction of the incident beam, where the angles 9 and <I> are as defined in Figure 6. 
The active reflecting area is normalized to unity at normal incidence, and the area at 
normal incidence is 10.6088 cm2• The two lower curves, normalized to the center of 
the Airy disk, give the average reflectivity at 10.6 fl in the 25- to 50-f!md annulus of 
139 
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the far-field pattern. Tlle data used to plot the reflectivity curves are listed in Table 
22. The fact that the reflectivity is not unity at normal incidence is due primarily 
to the phase changes resulting from total internal reflection at the back faces. The 
difference between the reflectivities for the two orthogonal polarizations of the incident 
beam is largely th~ result of reflection losses at the front face. Th~ active reflecting 
area repeat,s every 60 0 in e, while the reflectivity in the annulus repeats, every 120 0 
in e. For both the active reflecting area and the reflectivity in the annulus, the yalue 
for 30 0 - e equals that for 30 0 + e. 
_The data in Table 22 c~ be used to calculate signal strengths from the range 
equation of Section 5. The cross section ASGS is equal to ARG10• 6' where 
2 A = 10.6088 cm , 
R = reflectivity from Table 22 
and 
A 6 G10•6 = }..2 = 9.4418 X 10 
Since the Geos 3 spacecraft is triaxially stahilized, range measurements to the 
infrared reflector can be accurately related t o the spacecraft center of gravity. The 
relationship of the spacecraft coordinate system to the orhital plane is given in 
Section 3. If the direction from the cube corner t o the illuminating laser is given by 
a unit vector Q in the spacecraft coordinate system and the position of the center of 
the front face of the infrared reflector is represented by the vector p, then the range 
correction to the center of gravity of the satellite is 
infrared range correotion = ~l p - To i n2 ~ sin2 cj> 1 J • 
, 'n. I " 
where 
.r. 
L = length of reflector (2.475 em) , .! 
~ \ ", 
























































0.0001 L-__ ...I.....----L_....L.._L--L._...L----IL,-...J...._~L-J 
o 20 40 60 80 
Figure 15. Active reflecting area (solid curve) and average reflectivity in the 25- to 
50-lll'ad annulus of the far-field diffraction pattern for the Geos 3 infrared 
reflftctor. The dashed and dotted curves represent the electric field vec-
tor P; parallel and perpendicular, respectively, to the plane of incidence. 
The incidence angles 9 and tj> are defined in Figure 6, a: 9 = 30·, n = 2.19, 
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0 .0001 L--__ -:!;-----lL---::!:.:----'----:'::-----'-_;;'-:-_'----;f;:---' 
.0 20 . 40 60 ,'. eo. . 
~.~!'~i .. ! i.J cpJ l'i1..:. '~;' ; .. ~< { .. 
)'"; ) t '1 ~ I r·· !' 1- ,<. 
),$1:."t ('~i" t~~ ,;. .... i -. . .. :.It ."i ... t .~ ':.' 0 ,1 .. i,. .. .r l't 
," .• , .'1 Figure 15b: e = 60 0.; . n = 2.,19, ~ = 1(l60n.A. " !Ii .u' 
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o 20 40 60 80 
• Figure 150: e = 90', n = 2. 19, A = 10600 A. 
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Table 22. Average reflectivity of the infrared cube corner in the 25- to 50-fJXad 
annuluB-pf the far-field diffraction pattern, first with the electric field 
vector E parallel and then perpendicular to the plane of incidence. 
PHI THfTA 30 THETA 60 THETA 90 
!: E parallel to the plane of incidence 
0 .340065 . 3400 65 .340065 
5 .292426 .297813 .291989 
10 .249486 .257633 .247418 
15 .211208 .219741 .206351 
20 .177224 .184329 .168945 
25 .147027 .151616 .135432 
30 
.120143 .1 2 1852 .106026 
35 
.096240 .095302 • 0llO8 54 
40 
.075159 .072183 .059898 
45 
.0568 83 .052592 .042983 
50 .041 ·445 .036564 .029741 
55 .0~8839 .024023 .019605 
60 
.018952 .014832 .012129 
65 .011549 .008563 .006883 
70 
.006305 .004471 ,.003442 
75 .002862 .001960 .001402 
80 .000895 .000598 .000387 
85 .000101 .000066 .000039 
£: E perpendicular to the plane of incidence 
0 .340065 .340065 .340065 
5 .291112 .296475 . 290676 
10 .245002 .253012 .242971 
15 .202676 .210896 .198016 
20 .164520 .171183 .156836 
25 .130607 .134787 .120308 
30 .100904 .102466 .089050 
35 .075390 .074786 .063341 
40 .054071 .052056 .043098 
45 .036916 .034256 .027902 
50 .0~3759 .021086 .017057 
55 .014245 .011985 .009691 
60 .007829 .006230 .005016 
65 .003849 .002930 .002298 
70 .001622 .001197 .000888 
75 .000538 .000390 .000265 
80 .000114 .000083 .000050 




cj>= cos- 1 (-~. G) , 
~ = unit vector in the direction of the Z axis. 
The second term accounts for the optical path length in the reflector. 
Since there is only one infrared reflector, no coherent variation of the range or 
intensity will result from interference. There is also no uncertainty as to the mean 
point of reflection, as in the case for the optical array, which has cube corners dis-
tributed iu range from the observer. Because the return pulse has the same shape as 
the incidlOnt pulse, no difference arises amoilg different detection methods. The only 
satellite-induced range errors are those due either to uncertainties in the position of 
the reflector with respect to the center of gravity of the satellite or to the orientation 
of the spacecraft with respect to the plane of the orbit. 
145 
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